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In the past deoade a good amount of research has been carried 
out on the biosynthesis of af latoxins in various countries of the 
world. The r e s u l t s of such s tudies have been reviewed by Betroy 
e t a l . (1971), Roberts (1974), Berger and Jadot (1976), Maggon et 
a l . (1977) and Heathcote and Hibbert (1978). 
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Although the research work reported so far has been able to 
provide some ins ight in to the b iosynthes is of a f l a tox ins , i t has 
not succeeded in providing commercially and economically viable 
methods to prevent mold growth and control af la toxin formation. 
I t i s f e l t t ha t t h i s inadequacy i s pa r t ly due to the fact -that the 
process of regulat ion of af latoxin synthesis has not been very 
c lea r ly understood. Therefore some of the aspects of the regulation 
of af la toxin synthesis were studied in d e t a i l in t h i s t h e s i s . 
Cataboli te regu la t ion , inducer accumulation and phosphate 
control have been proposed as the probable mechanisms involved in 
the onset of secondary biosynthesis (Drew and Demain, 1977). I t 
has been well established in severa l microbial systems tha t 
ca tabol i te repression is mediated by cyc l ic AMP (Pastan, 1972; 
Ullman, 1974). The ro le of cyc l ic AMP (cAMP) in the mediation of 
ca tabol i te repression in fungal systems as well as in af latoxin 
synthesis i s not c lear a t present . Therefore, levels of cycl ic AMP 
were determined a t various phases of growth in both the aflatoxin 
producing s t r a i n as well as in the non-toxic s t r a i n so as to 
explore the p o s s i b i l i t y of phenomenon of ca tabo l i t e repression 
being involved in control of af la toxin syn thes i s . The ac t i v i t y of 
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the ensymes contro l l ing cyclic AMP formation and degradation 
i . e . , adenylate cyclase and cycl ic IMP phosphodiesterase was also 
determined a t various periods of growth. Tolnaf ta te , an a n t i -
fungal drug was also used to study i t s possible involvement in 
con t ro l l ing fungal growth as well as af latoxin formation. 
Energy charge regulat ion i s one of the mechanisms involved 
in regula t ing secondary metabolite synthesis (Demain, 1972). 
Control of af latoxin synthesis by energy charge was investigated 
using exogenous ATP, ADP and AMP. The effect of exogenous cyclic 
AMP addit ion on af latoxin synthesis was a lso s tudied. Methylation 
i s an important s tep in the biosynthesis of a f la tox ins , The fact 
tha t methyl-0 -methionine spec i f i ca l ly labe ls the C-methyl side 
chain of the af latoxin molecule was es tabl ished in e a r l i e r 
incorporation s tudies (Adye and Matel|s, 1964; Donkersloot e_t a l» , 
1968). But the d e t a i l s of the methylation s tep are s t i l l not 
c l ea r . Hence a de ta i l ed study of the methylation step in aflatoxin 
synthesis was carr ied oute The regulat ion of methylation step by 
various metabolic parameters was also looked i n t o . All these 
s tudies were carried out using the s t r a ins Aspergillus paras i t icus 
KRHL 3240 and Aspergil lus flayus NRRL 3537 respec t ive ly . The 
observations of the present study have been summarised below; 
. .3 
1, The amounts of aflatoxin produced "by Aspergil lus paras i t icus 
HRRI 3240 under normal condit ions using sucrose low s a l t s medium 
and under zinc def ic ient c cnditions using sucrose low sa l t s medium 
were measured. I t was found tha t the fungal growth as well as the 
amount of af la toxin formed was l ess in z inc-def ic ient medium as 
compared to the normal medium. 
2. The level of cycl ic nuc leo t ide , cycl ic AMP was determined at 
various phases of growth in Aspergillus pa ras i t i cus HRRI 3240 the 
toxin producing s t r a in and in A, flavus MRI 3537, the s t ra in which 
does not produce a f l a tox in , on normal SIS medium as well as on zinc 
de f i c i en t SIS medium. In A. pa ras i t i cus NRRL 3240 on SLS and zinc 
def ic ien t SIS medium, there was a marked difference in cyclic AMP 
content at 45 hours and 60 hours. The amount of cyclic AMP at 60 
hours was approximate ]y double tha t at 45 hours . However, a t 75 
hours of growth, there was a tremendous f a l l in cycl ic AMP leve l , 
The amount of the cycl ic nucleotide was found to increase gradually 
the rea f t e r at 96, 120 and 144 hours . 
According to Detroy and Hesseltine (1970), in the growth curve 
of A. p a r a s i t i c u s , 45 hours represents l a t e exponential phase, 60 
hours s i gn i f i e s t r a n s i t i o n a l phase while s t a t iona ry phase is presented 
"by 75 and 96 hours and 120 and 144 hours represent the la te stat ionary 
phase. I t i s concluded from these experimental r e su l t s t h a t : 
(a) the high levels of cycl ic AMP in exponential phase suggest the 
involvement of th i s compound in some metabolic parameters of primary 
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the enzymes contro l l ing cyclic AMP formation and degradation 
i . e . , adenylate cyclase and cyclic AMP phosphodiesterase was also 
determined a t various periods of growth. Tolnaftate , an a n t i -
fungal drug was also used to study i t s possible involvement in 
cont ro l l ing fungal growth as wel l as af latoxin formation. 
Energy charge regulat ion i s one of the mechanisms involved 
in regula t ing secondary metabolite synthesis (Demain, 1972). 
Control of aflatoxin synthesis "by energy charge was investigated 
using exogenous ATP, ABP and AMP. The effect of exogenous cyclic 
AMP addit ion on af latoxin synthesis was a lso s tudied. Methylation 
i s an important s tep in the biosynthesis of a f la tox ins . The fact 
tha t methyl-0 -methionine spec i f i ca l ly labels the O-methyl side 
chain of the af latoxin molecule was es tabl ished in e a r l i e r 
incorporation s tudies (Adye and Matel^, 1964; Donkersloot e_t al» , 
1968). But the d e t a i l s of the methylation s tep are s t i l l not 
c l ea r . Hence a de ta i led study of the methylation step in aflatoxin 
synthesis was carr ied outa The regulat ion of methylation s tep by 
various metabolic parameters was also looked i n t o . All these 
s tudies were carried out using the s t r a ins Aspergil lus paras i t icus 
HERL 3240 and Aspergil lus flavus NRRL 3537 respec t ive ly . The 
observations of the present study have been summarized below? 
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19 The amounts of a f la t rain produced by Aspergil lus paras i t icus 
NRRI 3240 under normal condit ions using sucrose low s a l t s medium 
and under zinc def ic ien t conditions using sucrose low sa l t s medium 
were measured. I t was found tha t the fungal growth as well as the 
amount of af la toxin formed was l e s s in zinc-de fie lent medium as 
compared to the normal medium. 
2. The level of cycl ic nuc leo t ide , cycl ic AMP was determined at 
various phases of growth in Aspergillus pa ras i t i cus NRRL 3240 the 
toxin producing s t r a in and in A9 f l a w s MRL 3537, the s t ra in which 
does not produce a f l a tox in , on normal SIS medium as well as on zinc 
de f i c i en t SLS medium. In A. pa ras i t i cus NRRL 3240 on SIS and sine 
def ic ien t SIS medium, there was a marked difference in cyclic AMP 
content at 45 hours and 60 hours. The amount of cycl ic MP a t 60 
hours was approximately double tha t a t 45 hours . However, a t 75 
hours of growth, there was a tremendous f a l l in cycl ic AMP leve l . 
The amount of the cycl ic nucleotide was found to increase gradually 
the rea f te r a t 96, 120 and 144 hours. 
According to Detroy and Hesseltine (1970), in the growth curve 
°f A. p a r a s i t i c u s , 45 hours represents l a t e exponential phase, 60 
hours s i gn i f i e s t r a n s i t i o n a l phase while s t a t ionary phase is presente 
by 75 and 96 hours and 120 and 144 hours represent the l a t e stationar, 
phase. I t i s concluded from these experimental r e su l t s t h a t : 
(a) the high levels of cycl ic AMP in exponential phase suggest the 
involvement of th i s compound in some metabolic parameters of primary 
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metabolism associated most probably with protein s y n d e s i s and 
c e l l d iv i s ion . 
(b) The further increase in the l eve l of the cycl ic nucleotide 
in the t r a n s i t i o n a l phase indicates i t s possible action in the 
i n i t i a t i o n of af latoxin synthetase , the ernayme involved in 
af la toxin syn thes i s . 
(c) The sharp f a l l in cycl ic AMP value in early s ta t ionary phase 
on both the media may be explained to be caused by i t s fast 
u t i l i z a t i o n for af la toxin synthesis,, 
(d) The possible involvement of the phenomenon of ca tabo l i t e 
repression in the regulat ion of af latoxin synthesis i s indicated 
by increase in cyc l i c AMP leve l during l a t e s ta t ionary phase when 
c e l l u l a r growth declined,, 
The experimental data reported here are not in agreement with 
tha t of Applebaum and Buchanan (1979) who reported a negative 
regulatory role of cycl ic AMP in af la toxin synthesis* The amounts 
of cyc l i c AMP in the nontoxic s t r a i n , A. flavus MKL 3537 on SIS 
medium as well as on z inc-def ic ient SLS medium did not show much 
var ia t ion a t 60, 75 and 96 hours indica t ing tha t i t s ro le i s not 
s ign i f i can t a t these p a r t i c u l a r hours. However, the possible role 
of cycl ic AMP in primary metabolism of A. flavus is suggested by 
high levels of cycl ic AMP in exponential phase i . e ^ a t 45 h r s . The 
amount of cyclic AMP was found to decrease at 120 hours thereaf ter 
increasing a t 144 hoursc Thus, there was no regular pattern of 
levels of cyclic AMP in Ae flavus a t various phases of growth. 
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3B The a c t i v i t y of the enzyme adenylate cyclase was assayed in 
"both Aspergil lus pa ra s i t i cus MB.L 3240 as well as in A. f la tus 
NBRL 3537 in various ce l lu la r f rac t ions . In A, p a r a s i t i c u s , two 
types of adenylate cyclase were detected , one local ized within the 
mitochondrial fraction (17,000xg p e l l e t ) while the other was 
associated with the microsomal fract ion (200,000xg p e l l e t ) . In 
A. f lavus , most of the enzyme a c t i v i t y was detected in associat ion 
with mitochondrial f ract ion (I7»000xg p e l l e t ) e However, adenylate 
cyclase a c t i v i t y was detected in both the s t r a in s a t d i f fe ren t 
stages of growth of only the 17,000 x g p e l l e t associated enzyme. 
I t was found that the adenylate cyclase a c t i v i t y was not in 
agreement with the cycl ic AMP levels repor ted, This may he f i r s t l y 
"because of act ion of the degrading enzyme i^e.^ cycl ic AMP phospho-
d i e s t e r a s e . Secondly the cycl ic AMP value might have been 
contributed by both the 17,000xg p e l l e t associated adenylate 
cyclase as well as the 2©0,000xg p e l l e t associated enzyme, Thus 
the l eve l s of cyc l ic iMP detected in A. pa ras i t i cus may have been 
contributed by both the mitochondrial as well as microsomal 
associated enzymes. 
4-. The a c t i v i t y of the enzyme 3 ' ,5'"-cyclic AMP phosphodiesterase 
was detected in the 48,000 x g supernatant in A. pa ras i t i cus HRRL 
3240 and in Aspergillus f lav us NBRL 3557
 e The var ia t ion in the 
spec i f ic a c t i v i t y of the enzyme cyclic AMP phosphodiesterase in 
various phases of gorwth in A„ pa ra s i t i cus i l l u s t r a t e s the presence 
of act ive degradation mechanisms for cyc l i c AMP in this organism. 
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The specif ic a c t i v i t y of the enzyme was f oand to he more in zinc 
def ic ien t SIS medium as compared to that in the SIS medium.in 
A. pa ras i t i cus as well as A* f lav us. However, the actual picture 
of the degradative mechanism for eye lieAMP can he ohtained only 
af te r the simultaneous detec t ion of the levels of ex t race l lu la r 
eycl ic AMP phosphodiesterase a t various phases of growth. 
5. The effect of Tolnaftate , an antifungal agent , on fungal growth 
and af la toxin production was studied at 10, 50 and 100 u moles 
concentrat ion. Tolnaftate at the concentrations t r i ed did not 
affect mycelial growth of Aspergillus pa ras i t i cus NRRL 3240 hut 
inhib i ted af latoxin formation to a great ex ten t . I t was found that 
the l eve l of aflatoxin was reduced by eight fold a t 100 umoles 
concentration of t h i s drug, Tolnaftate was a lso observed to 
i nh ib i t the incorporation of labelled ace ta te in to af la toxin B 
as well as af latoxin G s ign i f i c an t l y . These r e s u l t s indicate the 
effect of Tolnaftate on the polyacetate pathway of aflatoxin 
syn thes i s . 
14-The st imulatory effect of sine on 1-»C -aceta te incorporation 
in to af la toxins has been reported (GFupta e_t a l . , 1975o)» Hence, the 
effect of Tolnaftate in combination with 1 and 10 mM concentration 
14 of sine sulphate was studied on 1-C -ace ta te incorporation in to 
af la toxins* The speci f ic a c t i v i t y of af la toxin G- recorded an 
increase thereby reducing the effect of Tolnaftate when the l a t t e r 
was present a t 50 and 100 umoles concentrat ion. On the basis of 
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these r e s u l t s , i t can be s ta ted tha t the can-version of aflatoxin B 
to G is zinc dependent. 
6, The adenine nucleotides ATP, ADP and AMP a t 10, 50 and 100 uM 
concentrations were used to study the i r effect on acetate 
incorporation in to a f l a tox ins . I t was observed tha t ATP inhibited 
label led ace ta te incorporation in to af latoxins a t a l l the 
concentrations t r i e d , s ignifying i t s negative regulatory role in 
af la toxin b iosynthes i s . The inhib i tory effect of ATP was recorded 
t o be maximum at 100 uM. concentrat ion. However, the inhibi t ion 
produced was approximately the same in aflatoxin B and G. On the 
contrary, the other two nucleot ides were found to stimulate 
14-1-C -ace ta te incorporation into af la toxins a t a l l the three 
concentrations tr ied* At 100 uM concentration ADP and AMP were 
found to favour ace ta te incorporation in to a f la tox ins . Thus, 
af la toxin might be forming in the s ta t ionary phase a t the cost of 
less amount of ATP and large amount of AMP and ADP. 
i 
C n 
7. The effect of cyc l i c AMP and i t s simple der ivat ive , N ,0 -
d ibutyryl cycl ic AMP on af la toxin formation have been studied by 
14 following t h e i r effects on 1-C -ace ta te incorporation in to 
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a f l a tox ins . I t was observed tha t exogenous cAMP and N ,0 -dibutyryl 
cycl ic AMP both stimulated acetate incorporation in to aflatoxins 
at a l l the concentrations t r i ed (10, 50 and 100 uM). The acetate 
incorporat ion was found to be s ign i f i can t ly increased at 10 and 
100 uM concentrations by both the compounds, but the stimulatory 
effect was maximum a t 50 uM concentrations* 
• • 3 
However, the st imulatory ef fect of both compounds have been 
observed to be more in aflatoxin B than in a f l a t oxin G. This 
observation i s a strong evidence tha t pos i t ive regulatory role is 
played by cycl ic AMP in af la toxin syn thes i s . When the mycelium 
was suspended in 0.1 M SHEA to make i t more permeable, before 
carrying out incorporation s t ud i e s , i t was found tha t cyclic MP 
stimulated aceta te incorporation into aflatoxins to a lower degree. 
However, under aerated condit ions, i , e 0 . when resuspension 
experiments were carr ied out by shaking for the required time, cyclic 
AMP inhibi ted ace ta te incorporation in to a f la tox ins . Maximum 
inh ib i t ion was observed a t 10 uM concentration of cyclic AMP. 
8. The methylation s tep of af latoxin biosynthesis pathway has 
been studied in d e t a i l by following the incorporation of methyl-
C -methionine in to a f la tox in . The optimum conditions for 
methylation have been standardized. The maximum rate of methylation 
has been recorded at pH 6*, 5 and on carrying out resuspension 
14-experiment for one hour. Comparative incorporation of 1-C -acetate 
14 and methyl-C -methionine in to af la toxins was studied and i t was 
found tha t methylation occurred maximum on carrying out resuspension 
experiment for one hour. On the other hand, label led acetate 
incorporation into af latoxin was maximum on two hours of resuspension 
This indicates tha t methylation occurs p r io r to cycl izat ion of the 
polyketide chain. The effect of various metabolic parameters 
l ike t race meta ls , amino ac ids , i'd& cycle intermediates , sugars, 
g lycolyt ic intermediates and coenzymes l i k e PAD and methionine 
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sulpfaoxide on methylation has been s t u d i e d . Zinc sulphate has 
been found to st imulate methylation at maximum r a t e a t 10 umoles 
concentrat ion among the t race elements t r i ed in the study,, At 
109 umoles however, ferrous sulphate has been observed to stimulate 
methylation at maximum r a t e . Out of the amino acids t r i e d , maximum 
methylation of af la toxin has been obtained by L-cystiene at 100 umoles, 
Pumarate has been found to favour methylation both a t 10 mM as well 
as a t 50 mM, concentration among the t r i - ca rboxyl ic cycle intermediates 
t r i e d . I t has been observed that malic acid favoured methylation at 
10 mM concentration but had no s ign i f ican t effect at 50 raM 
concentrat ion. On the contrary, oxalacetate and alpha-te toglutarate 
accelerate methylation a t 50 mM concentration but have no s igni f icant 
ef fec t a t 10 mM concentrat ion, 
1 s ign i f i can t increase in the ra t e of methylation has been 
observed by use of glucose (hexose), r ibose (pentose) , and sucrose 
(d isaccharide) from sugar group of compounds. When the ro le of 
g lyco ly t ic intermediates on methylation was s tudied , i t has been 
observed that although intermediates l ike pyruvate favoured 
methylation, fructose 1,6-diphosphate caused maximum methylation at 
095 mM concentrat ion. FAD has been observed to st imulate methylation 
at a l l the concentrations t r i e d , the maximum effect being at 10,0 
mM concentrat ion. Stimulation of methylation has felso been observed 
by methionine sulphoxide, the maximum effect being recorded a t 
10 mM concentrat ion. 
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ABBREVIATIONS 
The following abbreviations have been used in this thesis: 
ADP : adenosine 5'-diphosphate 
AMP ; adenosine 5 ' -monophosphate 
ATP : adenosine 5* - t r iphospha te 
cAMP J adenosine 3 f ,5 '-monophosphate 
cGMP : guanosine 3 ' ,5*-monophosphate 
CPM : counts per minute 
CRP : cyclic AMP receptor protein 
DTT i dithiothreitol 
EDTA ; ethylene diamine tetra acetic acid 
FAD : flavin adenine dinucleotide 
GPA : glucose-peptone-agar medium 
g : gram 
h : hours 
1 : litre 
mCi : milli curie 
mg : milligram 
ml : millilitre 
mmol : millimole 
mol ; moles 
mRHA : messenger ribonucleic acid 
K" : normal 
i i 
JTABH 
nm 
nmole 
Pg 
PPB 
Pmol 
POPOP 
PPO 
ps i 
rpm 
SIS 
TLC 
Tris 
u 
uCi 
ug 
umole 
UV 
nicotinamide dinucleotide reduced 
nanometer 
nanomoles 
picogram 
par t s per b i l l i o n 
picomoles 
1,4-bis-2-(5-phenyl oxazolyl) benzene 
2,5-diphenyloxazole 
pounds per square inch 
revolut ions per minute 
sucrose low s a l t s medium 
thin layer chromatography 
t r i s (hydroxy methyl) aminomethane 
micro 
microcurie 
microgram 
micromole 
ultra violet 
i i i 
ENZYME NOMENCLATURE 
Recommendations of the Commission on B i o l o g i c a l 
Nomenclature (Comprehensive Biochemis t ry , Vol. 13 , 1972; 
E l o r k i n , M. and S t o t z , E.H. ( e d . ) E l s e v i e r , Ne the r l ands ) 
on the nomenclature and c l a s s i f i c a t i o n of enzymes have 
been followed in t h i s t he s i s
 s Eor such enzyme the 
systematic name with enzyme commission number i s given 
in the sect ion on 'Materials and Methods1. Subsequently, 
the t r i v i a l names have been used. 
INTRODUCTION 
1 
The f i lamentous fungi r e p r e s e n t a p h y s i o l o g i c a l l y d ive r se 
group of h e t e r o t r o p h i c micro-organisms which dwel l as saprophyt ic 
ex. 
p a r a s i t e s or as symbionts . They a r e c h a r a c t e r i z e d b y ^ d i s t i n c t , 
f i lamentous m u l t i n u c l e a t e v e g e t a t i v e s t r u c t u r e b e t t e r known as 
mycelium. The mycelium i s composed of a b ranching system of hyphae 
and extend c o n t i n u a l l y by a p i c a l growth and l a t e r a l b ranch ing , 
t h e i r development be ing c o n t r o l l e d by t r a n s l o c a t i o n mechanism. 
E c o l o g i c a l l y , fungi a re a h igh ly s u c c e s s f u l form of l i f e and are 
able t o grow in environments h o s t i l e t o most o ther forms of l i f e . 
The genus, .Aspergillus» which has been placed by mycologis ts 
in the s e r i e s of h igher fungi known as phycomycetes i s of g r e a t 
i n t e r e s t because of i t s i n d u s t r i a l and a g r i c u l t u r a l impor tance . 
A l l fungi i nc lud ing A s p e r g i l l i produce a l a r g e number of 
m e t a b o l i t e s , d iv ided a r b i t r a r i l y i n t o primary and secondary 
c ons t i tuen tSs Primary m e t a b o l i t e s a r e those which are concerned 
with the fundamental l i f e p rocesses of the organism whi le secondary 
m e t a b o l i t e s a re those fo r which t h e r e i s no known b e n e f i c i a l 
function. . These n a t u r a l me t abo l i t e s possess unusual chemical 
s t r u c t u r e and some of them are extremely t o x i c to o ther forms of 
l i f e . They inc lude such products as qu inones , a n t i b i o t i c s , 
a l k a l o i d s , mycotoxins and pigments* Af la tox ins a re the most 
impor tant t ox i c secondary me tabo l i t e s produced by t h r ee spec ies 
°f A s p e r g i l l u s
 ( v±z. , A. n i d u l a n s , A0 v e r s i c o l o r and A. f lay us . 
2 
Discovery of Aflatoxins 
The aflatoxins were discovered as a result of intensive 
investigations carried out on the massive outbreaks of the 
mysterious disease in poultry farms, better known as "Turkey X 
Disease" during 1960-64 in different regions of the world. This 
disease characterized by various toxic symptoms like liver damage 
in turkey poults, was first reported by Blount (1961) in England,, 
Similar toxic effects were later described in ducklings and 
chicken (Asplin and Carnaghan, 1961) and in swine and calves 
(Loosemore and Marks on, 1961 ) s 
In all these cases the causative agent was traced to the 
groundnut meal used in the turkey feed and the meal was found 
to be contaminated by Aspergillus f lav us (Sargeant et al*, 1961'). 
The compound thus obtained on extraction with chloroform, gave 
positive test for toxin, fluoresced blue under ultraviolet light 
(UV) and was named aflatoxin after the strain which produced it. 
later investigations proved that this toxin was associated 
not only with samples of peanut meal but also with those of many 
common agricultural commodities. 
Strains producing aflatoxin 
The genus, Aspergillus flavus and Aspergillus parasiticus ^ 
produce aflat oxinss However, all the strains of A. parasiticus 
are toxin producers but all the strains of Ae fflavus are not 
capable of doing so (Hesseltine et al., 1968). A lot of variation 
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ex i s t s in the amount and type of a f la toxins produced by di f ferent 
i s o l a t e s . All toxigenic s t r a i n s produce af la toxins B.. and Bp 
while some a lso elaborate G^  and Gp« All s t r a in s tha t produced G.. 
were found to produce B1 but the reverse was not true (Hesseltine 
et a l . , 1970b). 
Aflatoxin synthesis by cer ta in other species of Aspergillus 
and a lso of Penicill ium and Rhizopus has been claimed but th i s 
claim i s conf l i c t ing (Mislivec e_t a l s , 1968; Wilson et. a l . , 1968)e 
Out of the nine s t r a ins of Aspergillus ^flgvus isola ted from the 
s o i l s of Delhi , seven s t r a i n s produced af latoxin B.. and B? but no 
af la toxin G (Maggon et a l . , 1969). Similar findings have been 
reported on some other Indian s t r a in s a lso (Tulpule, 1969). 
Besides the four major af la toxins (B.. , Bp, G.. and G„), 
af la toxin M1 and M2 (Holsapfel et. a l . , 1966), GM1 and GM2 
(Heathcote and Button, 1969), M- and GMpa (Dutton and Heathcote, 
1968) are a l so produced in some cases by severa l s t r a in s of 
A. flavus and A. paras i t i c us
 e Yet, Aa pa ras i t i cus i s the species , 
capable of producing the g rea tes t var ie ty of af la toxins (Codner 
e t a l , , 1963; Hesselt ine e t a l » , 1966). 
Affected commodities 
The f i r s t repor t of na tura l occurrence of af la toxins was 
associated with peanuts, the cause of Turkey X Disease (Sargeant 
et a l . , 1963). This was then followed by other re la ted reports 
(Allcroft and Carnaghan, 1961; Allcroft and Lewis, 1963; Lopez and 
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Crawford, 1967). M Prossimo (1976) has reported, the presence 
of na tura l ly occuring aflat oxin G- in a lot of roasted blanched 
Virginian peanuts at l eve l s 20 times greater than those of the 
normally predominant B a f l e tox ins . Jlthough the peanut i s the 
most thoroughly stLidied of a l l the commodities susceptible to 
af la toxin , i t has also been found in Brazi l nuts , pistachio 
nuts , almonds, walnuts, pecans and f i l b e r t s (Denizel et_ s i . , 
1976; % r e s , 1977; Mon, 1978). Most of the ag r i cu l tu ra l 
commodities have been invest igated for the presence of 
af la toxins ( ^rmbrecht et_ _sl., 1963; Diener and Davis, 1969; 
Hesse I t ine et_ a l . , 1976). I t was reported that groundnut, wheat, 
corn, beans, barley, sorghum, oat, cottonseed and r i ce supported 
high yie lds of af la toxin though the actual y ie lds varied with 
the s t r a i n (Shotwe 11 et_ s l . f 1969 a>b; iafont and lafont , 1970) 
used . 
aflatoxins exis t in commercial t rout ra t ion samples made 
from cotton seed meal and peanut meal (Sinnhuber et_ a l . , 1968) . 
Sweet potatoes are also highly contaminated by A. flavus and 
contained 0.01-0.18 ppm aflatoxin (Sung and l ing , 1968). 
Subrsmanyam and-Eao (1974) observed that among the o i l seeds, 
afla-toxin content was higher in peanut, castorseed and copra 
but lower in seasame and sunflower seed. Shotwell et a l . 
(1976 a,b) detected sf1stoxin M- in peanuts and pis tachio nuts 
and also in 12 l o t s of corn from several sources . 
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When peanuts were crushed for o i l , d i s t r i bu t i on of aflatoxin 
occurred between the o i l and the press cake, 10 per cent of the 
af latoxins present being found in o i l and the r e s t in the 
presscake (Natarajati e t a l , , 1975). Aflatoxin has been detected 
to a level of 0-5000 ppb in groundnut o i l (Giridhar and 
Krishnamurthy, 1977). 
In whole meal, wheat and bread af te r baking, 10-20 per cent 
of the added toxin previous t o baking was found in the f ina l 
product. Subsequent baking (120°, 30 min) did not reduce the 
amount of af latoxin B.. (Reiss, 1978). / 
Fig i s the only f r u i t in which the presence of aflatoxin 
has been detected and Buchanan e t a l . (1975) have a lso reported 
a possible mode of contamination of the f r u i t on the tree* Wines 
prepared from infected apples contained af la toxin B.., B«, G^  and 
G2 (Pogorzelski e t a l . , 1977). 
Out of the vegetables s tudied, A. flavus produced both 
af latoxin B. and G^  on Tabo root but only af latoxin B1 on l e t t u c e , 
caul i flower and ce le ry . A. paras i t i cus was not able to produce 
any de tec tab le amount of af la toxin on these samples (&aghu e_t a l . , 
1978). Pribela and Danesova (1977 a ,b) injected tomatoes with 
Aspergillus flavus and found the paste prepared from these 
infected tomatoes to contain af latoxin characterized by UY 
spect ra , melting point and the colour of f luorescence. 
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Fungal growth and af latoxin production on Apiarian subst ra tes 
was studied by wMdfupeJ; a l . (1977) using A, flavus and A. paras i t icus 
inoculated on un-processed honey, Lilium longflorium pol len, 
broad comb, whole larvae and whole bees. The fungi grew, 
sporulated and produced "various amounts of af la toxin on a l l 
subs t ra tes except the unprocessed honey. 
Another source of food contamination is the edible t i ssue and 
milk of animals which have been fed ra t ions containing af la toxin , 
Aflatoxin ML is the toxin found exclusively in t i s sue residue as 
well as in milk (Holzapfel et_ a l , , 1966). 
Kiermeier (1970) found af la toxin M.. in raw milk col lected from 
the c a t t i e s .of German farms and in commercial milk supplies a t 
levels of less than 1 ug per l i t r e . The l eve l of aflatoxin in 
cheese has been reported to be between 0»09 ug/kg to 0,23 ug/kg 
depending on the var ie ty of cheese studied (Kiermeier ejb a l . , 1977). 
Kiermeier and Buchner (1977 a) reported the d i s t r i bu t i on of 
af la toxin M^  in whey and curd and the effect of the d i f ferent 
processing steps on af latoxin content. Cheese processing resul ted 
in enrichment of toxins in the curd (Kiermeier and Buchner, 1977 b ) . 
No af la toxin could be detected in t i s sue of any of 44 samples of 
f ish studied (Bartos and Matyas, 1977). Aflatoxins have been 
detected in the eggs of laying hens receiving af latoxins in the 
r a t i on , Aflatoxin B-j present as 2,200 ug/kg in ra t ion showed up 
as 1 ug/kg of af la toxin B^  in the eggs (Stoloff and Trucksess, 
197S). 
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Extrac t ion , pur i f i ca t ion and separation of af la toxins 
The over a l l process in the estimation of af la toxins involves 
ex t r ac t ion , de fa t t ing and separation "by any of the favourable 
techniques of chromatography. The extract ion of af la toxins 
produced on contaminated subst ra tes and on synthet ic media i s 
carr ied out by using -various organic solvents* 
Sargeant ejb a l . (1961 a ,b) extracted af la toxins from mouldy 
peanut meal by exhaustive Soxhlet extract ion using methanol while 
Coomes and Sanders (1963) obtained the toxin by grinding infected 
mater ia l with chloroform free from alcohol . Other solvent systems 
used were methanol : water (55:45, v/vj Nesheim, 1964), acetone : 
hexane : water (50:48:1G5, v /v /v ; Heusinkveld et a l . , 1965; 
Robertson et_ a l . , 1965) and acetone : water (70:30, v /v ; Pons and 
Goldblat t , 1965)» The crude ex t rac ts so obtained contained l ip ids 
and pigments and could be purified by l iquid pa r t i t i on system, by 
treatment with heavy metal s a l t s l ike lead acetate or by chromato-
graphic methods. Pa r t i t i on systems mostly used were methanol ; 
water : petroleum ether (Coomes and Sanders, 1963; Be Iongh e_£ a l . , 
1964) and methanol 1 water : chloroform (Broadbent e_t a l . , 1963; 
Coomes e t a l , , 1965). 
The most commonly used method for removal of pigments i s 
s i l i c a gel chromatography with d ie thy l e ther (Pons e_t_ a l . , 1966) 
though there are repor ts of other adsorbants and solvents used 
l ike Celi te and hexane (Neshiem, 1964), P l o r i s i l with te t rahydro-
furan (Heusinkveld e_t a l . , 1965) and s i l i c i c acid with e thyl 
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aceta te (Wiley and Weiss, 1968), 
Pons and coworkers (1965, 1966) developed a combined defat t ing 
and af la toxin ex t rac t ion scheme whereby the peanut meal was 
extracted in a mechanical shaker with a mixture of water and 
acetone (30:70, v/v) in which neut ra l and polar l ip ids ttfe-Yfe 
insoluble . The r e s u l t i n g primary ex t rac t so obtained was purif ied 
by treatment with lead ace ta te in order to p rec ip i t a t e the i n t e r -
fer ing pigments as insoluble lead der ivat ives and af latoxins were 
recovered by ext rac t ion with chloroform. This lead aceta te 
technique of pur i f ica t ion was developed fur ther by Cueullu e t a l , 
(1966) i n to a semi-micro technique to recover af latoxin from as 
l i t t l e as 1 mg of peanut. A procedure for obtaining af latoxins 
from peanuts containing low levels of contamination has been 
suggested (Velasco, 1975) using the solvent system^acetane j water 
(85:15, v / v ) . 
Velasco (1970) has suggested a f e r r i c hydroxide gel clean-up 
method for pur i f i ca t ion of cotton :•:.:;. seed samples. In order to 
ext rac t af la toxin from cotton seed for assay by mini-column 
f luorimetry, Velasco (1975) used equilibrium extract ion with 
acetone : water (85:15, v /v ) . 
The more recent system devised by Velasco and Morris (1976) 
known as water s l u r ry system i s used for extract ing aflatoxins 
from peanuts , corn as well as cotton seed in the range of 1-4 kg -
samples, the required r a t i o of sample weight to water volume being 
10 
Aflatoxins are separated by chromatographic techniques, 
Coomes and Sanders (1963) employed, paper chromatography for 
reso lu t ion of af la toxins u t i l i z i n g the solvent system as benzene : 
toluene : cyclohexane s ethanol : water (323:5:8:5, v /v /v /v /v ) . 
Almost in the same period, Broadbent e t a l . (1963) applied thin 
layer chromatography using neu t r a l alumina as sol id phase and 
chloroform : methanol (98„5 :1»5,v/v) as the solvent system. Since 
both of these systems did not resolve a l l the four a f l a tox ins , 
improved systems were developed composed of s i l i c a gel as sol id phase 
and other solvents l ike chloroform : methanol (93:2, v/v, De Iongh 
e t a l , , 1962, 1964), chloroform : acetone (90:10, v /v , Enge~brecht etcly 
1965) and toluene r iso-amyl alcohol : methanol (90s32:3, v/v/v, 
Reddy e_t a l , , 1970) as l iquid phase, using s i l i c a gel G-HR as 
sol id phase with chloroform : methanol (95:5, v /v , Trager et a l . , 
1964) as solvent system and Adsorbosil Eo„1 '0L5 sol id phase with 
benzene : e thyl alcohol : water (4:27:20, v /v /v , Waltking ejfc a l . , 
1975) as solvent system. 
Two dimensional thin layer chromatography was proposed by 
Peterson and Ciegler (1967) employing acetone j chloroform (1:9, 
v/v) as solvent system in one d i r e c t i o n , while e thyl -ace ta te : 
isopropanol : water (10 :2 ;1 , v/v/v) in the perpendicular d i rec t ion . 
Yin e_t a l . (1971) a lso put forward two dimensional th in layer 
chromatography using benzene : methanol : g l ac i a l ace t i e acid 
(90:5:5, v /v/v) and acetone : chloroform (1:9 , v/v) in the other 
d i r ec t ion . This was followed by Alexander and Baurr (1977) 
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employing acetone : chloroform (2:88, v/v) in "the f i r s t 
d i rec t ion and 95 per cent denatured ethanol in the other . 
According to Stubblefield et 81.(1972) aflatoxins B-
B* , G-- , G , M-. and 1-5„ were resolved on p i s t e s of s i l i c a 
ge l G using the solvent system isopr,opyl alcohol t acetone? 
chloroform (5: 10: 85, v / v / v ) . However, they found that 
the best solvent system for r e so lu t ion of af lat oxins M-
and M„ was n- smyl alcohol: acetones chloroform 
(10:10:80, v / v / v ) . Aflatoxin M- has been separated on 
s i l i c a ge l GHB. p la te s (Gasionowska and S t rze leck i , 1978) 
using hexane : petroleum ether : benzene. : chloroform ; 
acetone : methyl cyanide : ace t ic acid (1 :1 :1 :2 :1 :1 :3) 
r e s p e c t i v e l y . 
Column chromatography has also been used in separating 
a f l a tox ins - .Pa i et_ a l . (1975) demonstrated separation of 
af la t oxins using solvent system of benzene : acetone ; 
e thanol (97 :2 :1 , v / v / v ) . Emieuak (1977) reported good 
r e so lu t ion of a f la t oxins B^  , Bp , G1 and G in peanut 
meals on s i l i c a gel column (500 x 2 cm) eluted with 
chloroform containing various amounts of acetone or ethanol 
at an e lut ion r a t e of 0.2 - 0.3 ml/min. 
Estimation of af la t oxins 
Estimation of af iatoxin i s carr ied out by two methods 
described as : ( i ) Physico-chemical methods and ( i i ) Biological 
assay methods. 
Physico-chemical methods of assay 
The simplest method of est imation involves the comparison 
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of the fluorescence in tens i ty of the sample spots with a 
p a r a l l e l spot of known amount of af la toxin on the same thin layer 
chromatographic p la te (De Iongh e_t a l . , 1964). A second method 
involves the d i lu t ion of the sample and standards u n t i l the 
fluorescence of ihe spot is barely v i s ib le (Coomes e_t a l . , 1965), 
These two methods, in sp i t e of being s e n s i t i v e , are only 
qua l i t a t ive and do not give accurate r e s u l t s , 
An improved and widely used method was devised involving 
elut ion of the individual af latoxin bands with methanol and 
studying the opt ica l densi ty a t 363 nm. The amount of af latoxin 
can then be calculated using molar ext inct ion co-ef f ic ien ts as 
given by Nabney and Hesbit t (1965). But th is method is appl icable . 
only when the sample contains more than 1 to 2 ug of aflatoxins $ 
(Nabney and tfesbitt, 1965). Aflatoxins have been d i r ec t ly studied 
in TLG p la tes by using a densitometer modified for f luorescent 
measurements (Ayres and Sinnhuber, 1966; Pons et_ a l . , 1966; Ghilds 
e t a l . , 1970; Pons, 1971). Other recent sens i t ive method devised 
has a de tec t ion l imi t of 1 ng. I t proposes fluorometric measure-
ment of af la toxins absorbed on f luo ros i l in mini columns (Velasco, 
1975). In the high pressure l iquid chromatography (HPLC) procedure 
( lakahashi , 1977) the detect ion l imi t is 0&02 ug/1 of wine. 
Doncheva (1977) describes an excel lent method of determining 
af latoxins by using mini column chromatographic methods having 
a detection l imi t of 2 PPBf in enzyme linked immuno-
sorbent analysis method permits the detect ion of less than 10 pico-
grams of af la toxin B1 (Iawellin e_t a l . , 1977). A rapid , accura te , 
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sens i t ive and inexpensive photofluorometric method for determining 
af latoxin B1 quan t i t a t ive ly (Llewellyn e_t a l . , 1975) i s described, 
the reading "being l inear in the range of Oe036 to 3*6 ug/ml. A 
simple so l id phase radio immunoassay for aflatoxin B1 has been 
reported (Sun and Chu, 1977) using IgG sepharose gel . Laser 
fluorometry has recent ly been u t i l i zed in detect ion of af latoxin 
(Liebold and Zare, 1977, 1978) in combination with HPLC using 
amplitude modulated He-Cd ion laser a t 325 nm and has a detect ion 
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l imi t of 7,5 x 10 g. Reverse phase HPLC has been used (Hurst 
and Toomey, 1973) for detect ing af3a toxins in peanut products 
and Bu , G. , B2 and G„ have been detected using 0®001 M sodium 
chloride ; methyl cyanide : methanol ( 3 : 1 : 1 , v / v / v ) . Manabe e t a l , 
(1978) and Hunt e_t al_B (1978) have put forward high performance 
l iquid chromatography of af la toxins u t i l i z i n g fluorescence 
detect ion and B-. , Bp, &. and G-? could be detected by this method. 
According to Manabe e_t a j . (1978)^ the r e l a t i o n between the 
fluorescence peak area and the amount of af latoxin injected was 
l inear in the range of 0e3 to 120 ngs This method as applied to 
food and feed ex t rac t s was sens i t ive a t 10-20 PPB for a l l the 
four a f l a tox ins . Hunt ejt a l . (1978) could de tec t af latoxin M1 
as well as ochratoxin A besides the four af la toxins by th i s method. 
Biological methods of assay 
Various chemical confirmatory t e s t s were t r i ed out for 
a f la toxins throughout the world (Smith and McKernan, 1962; 
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Andre l lo s and Re i d , 1964; Crisan and Grefig, 1967; Stoloff, 
1967), but no de f in i t ive chemical t e s t -was ava i l ab le . So 
suspected aflatoxin presence and contamination were confirmed by 
b io logica l assays . 
Out of a l l tbe animals t e s t e d , duckling represents the moat 
suscept ible species toward acute l e t h a l i t y . One day old duckling 
i s frequently used for the bio-assay of aflatoxin owing to i t s 
spec i f ic response in a comparatively short period of time 
(Armbrecht and Fitzhugh, 1964). The r e s u l t s of t h i s assay are 
expressed e i t h e r on the bas is of incidence of morta l i ty or 
extent of b i l e duct p r o l i f e r a t i o n . 
According to P i a t t e_t a l . (1962) chick embryo is very 
sens i t ive to af la toxins and as l i t t l e as 0.3 ug of a crude mold 
contaminated groundnut preparation can k i l l 2-5 days old chick 
embryo, Toshiyuki and Kageaki (1977) s t a t e that tox ic i ty of 
af latoxin to chick embryo was influenced by the difference in 
the permeabili ty of aflatoxin solut ion through c e l l membrane 
caused by the solvent used for d issolv ing af la toxin (water, 
propylene g lyco l , dimethyl sulfoxide or olive o i l ) or by the 
denaturat ion of the egg yolk . Aflatoxin addition to calf kidney 
monolayer cul tures (Juhasz and Creciz i , 1964) destroyed the 
cytoplasm and nucleus of affected c u l t u r e s . 
legator and Withrow (1964) observed tha t crude af latoxin 
mixtures as well as c r y s t a l l i z e d B.. suppressed mitot ic divis ions 
haploid and diploid human embryonic c e l l s . A l eve l of 0.03 ug 
produced a 51 per cent reduction in mitosis and as l i t t l e as 0.01 
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af la toxin B.. could "be detected. 
Abedi and McKinley (1968) tes ted the effect of submierogram 
quant i t i es of af latoxin B- in aqueous solut ion on the embryos and 
larTae of Zebra f i sh (Brachydanio r e r i o ) . The larvae responded 
fas te r than the eggs, 1 ug per ml of B.. paralyzing the larvae in 
s ix hours and a l l died gradually within 36 hours with a I ^ n of 
0,58 ug per ml. I t the same concentration of af latoxin a l l 
embryos died within 72 hours. The effect of af la toxin on the 
brine shrimp Arte mi a sa l ina was invest igated by Brown .. „ " "ilduzn 
(1969)9 Dose levels of 1 ug per ml or more caused mortal i ty rates 
greater than 90 per cent . Tadpoles of Bufo melanostictus and 
Uperodon species were shown to be sens i t ive to small quant i t ies of 
aflatoxin B^  (Arseculeratne e_t a l s , 1969). The mean H>EQ o f 
aflatoxin B1 for 15 mm Bufo larvae was approximately 2,8 jug per ml, 
while tha t for Uperodon larvae was approximately O^ ug per ml. i. 
The b i o l o g i c a l t e s t for de tec t ing af la toxin in milk was put 
forward by Mayer e_t a l . (1969). The t e s t i s based on the a b i l i t y 
of af la toxin to induce chlorophyll deficiency in plants (Schoental 
and white, 1965)® This t e s t could assay as l i t t l e as 3 ug of 
af la toxin M per g of milk powder* Vosding and Neff (1974) developed 
a bio-assay for estimation of af la toxin using ca t f i sh c e l l cu l tu res . 
Biological effects of a f l a t ox ins 
Aflatoxins exhib i t a number of b iological effects to various 
domestic as well as laboratory animals, b i r d s , f i s h , ce l l s in 
t i s sue cu l tu re , p l an t s , insects and micro-organismse These 
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effects are both acute and chronic and f a l l broadly into three 
categories as carcinogenic, mutagenic and t e r a t o g e n i c 
Mutagenic as well as te ra togenic effects can he t rea ted as 
genetic e f f e c t s . The tox ic i ty of the four main types of 
aflatoxins follows the order as B^ > Bp> G^  >G2 (Purchase, 1967; 
Wogan and Pong, 1970). Suscep t ib i l i ty of af latoxins varies with 
age, sex, route of administrat ion (ora l feeding or in t raper i tonea l 
in jec t ion) and spec ie s . Young animals and males are more 
suscept ible than adults and females of the same species (Detroy 
£ l a=l. , 1971). I t also depends on environmental factors 
(Campbell e t a l . , 1972), n u t r i t i o n a l s t a tus (Wogan, 1965) and 
mycotoxin synergism (Li l lehoj and Ciegler, 1975). 
Detroy et a l . (1971) divided the animal species affected 
such as mouse; and sheep as comparatively r e s i s t a n t , p ig , r a t , 
monkey, calf , hamster, goat and cow as moderately suscept ible 
while duckling, chick, t r o u t , guinea pig , r a b b i t , dog and turkey 
as highly suscep t ib le . Yet the in t ens i ty of the t ox i c i t y due 
to aflatoxin varies according to the t e s t system adopted, the 
dose given and the duration of exposure (Schoental, 1967; 
Wieder e_t a l . , 1968) 
Aflatoxin consumption leads to typ ica l p ro l i f e ra t ion of the 
b i le duct, cen t r i lobu la r necrosis and f a t t y i n f i l t r a t i o n of the 
l i ve r followed with general hepatotoxic effects (Wogan, 1965?' 
Goldblat t , 1969; Detroy ejt al* » 1971), An outbreak linked to 
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aberra t ion occurs in proportion to the s i s e of the chromosomes. 
Aflatoxin B1 a t a dose of 1 ug/ml in human leucocyte cultures was 
toxic to mi tos is while lower doses caused a high r a t e of s t r u c t u r a l 
chromosomal aberrat ions • (El Zawahri e_£ a l . , 1977)e Leon Cazares 
e t al_. .(1977) cultured human lymphocytes in the presence of 
af la toxigenic and non-aflatoxigenic s t r a in and found tha t the 
toxigenic s t r a i n induced fclastogenic effects* There was also an 
increase in number of mi to t ic f igures . Sr ivastava et_ a l . (1975) 
have a lso reported chromosomal defects in hepatoeytes of Chinese 
hamsters. Aflatoxin IL has been shown by Maher and Summers (1970) 
to induce mutations in transforming DNA of Baci l lus s u b t i l i s , 
A mixture of af la toxin B^  and Q. was found to be highly mutagenic 
on growing vegetat ive cul tures of J t crassa (Ong, 1970, 1971? Ong 
and Ser res , 1972). According to them, af la toxin B.. is a potent 
mutagen while G.. is a moderate mutagenic agent. Schimmer and 
Warner (1974) proved tha t af latoxin B.. can cause genetic changes 
in both nuclear as well as extranuelear DMA. Subsequent studies 
with S. typhimurium s t r a i n Ta 93 (Wong and Hsieh, 1976) revealed < / 
tha t a f la toxin B.. was the most potent mutagen among af la toxins . 
The r e l a t i v e mutagenicity of af la toxins i s as follows: 
af la toxin B1 > G1 >M 1yaflatoxicol> H1 > Q > B2 ^  P., > G2<5 Callen 
et a l . (1977) have a l so reported that G.. i s a less potent 
carcinogen as well as mutagen than B-.* Wong ejt a l . (1977) tested 
the mutagenic p o t e n t i a l of d i f fe ren t intermediates of af la toxin 
W 
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biosynthesis on S. t.vphimurium TA 93. Money KfYle (1977) put 
forward a hypothesis explaining mutagenic action of a f la toxins . 
According to him aflatoxin B1 and other polycyclic hydrocarbon 
carcinogens bind to the regions of DNA in which s te ro id hormones 
bind and cause de le t ion of genes in these regions leading to 
mutagenesis. ]?ahmy e_t a l . (1978) s t a t e tha t chlorination of 
af la toxin B.. does not affect i t s general toxic i ty on the whole 
organism. But the cytotoxic and mutagenic eff iciencies of 
af la toxin 2,3-dichlor ide are considerably higher than those of 
af la toxin B, . 
Although embryotoxicity of mycotoxins has been known since 
long, the tera togenic ef fect of af latoxin was f i r s t reported by 
Di Paolo e_t a l . (1967). E l i s and Di Paolo (1967) also found 
tha t i f DMA was incubated with aflatoxin B,. prior to in jec t ion , 
the te ra togenic effect was reduced, besides the severity of 
l i ve r damage in both the mother and foetus . Transplacental 
carcinogenesis has a lso been observed on intake of aflatoxin 
(Magee, 1975). Aflatoxins affect c e l l cu l tu res . Gabliks 
e t a l . (1965) studied the effects of aflatoxin B«j on duck embryo 
c e l l s , chang l ive r c e l l s , chick embryo ce l l s and He La c e l l s . 
Aflatoxin B1 i nh ib i t s the biosynthesis of protein and nucleic 
acids (Clifford and Rees, 1966, 1967). Transcription and t r ans -
la t ion steps pa r t i cu l a r l y are noted to be inhibi ted in l ive r and 
mitochondria (Belt , 1976; Moule and Darracq, 1976). Many of the 
toxic proper t ies of a f la toxins a r i se out of the i r a b i l i t y to binc| 
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studied "by Kiermeier and Hemmerich (1974) and i t was found that 
ca ta lase a c t i v i t y was s ign i f i can t ly affected. I s o c i t r a t e dehydroT 
genase was not affected while ATPase a c t i v i t y was stimulated 
three fold by af la toxin M-, (Ramachandra Pai e t a l . , 1975c). The 
effect of aflatoxin IL on induction of l i ve r tryptophan pyrrolase 
has been invest igated (Wogan and Friedman, 1968). The induction 
of 2oxazolamine hydroxylase by benzopyrene was completely 
inhibi ted by af la toxin IL , injected simultaneously with or 3 
hours af ter the inducer (Pong and Wogan, 1970 b ) . The inhibi t ion 
of a c t i v i t i e s of hexokinase , phosphoglucoisomerase, aldolase and 
pyruvate kinase by aflatoxin emphasizes decreased glycolysis in 
af la toxin t ox i c i t y (Raj and Venkitasubramanian, 1974). lo and 
Black (1972) showed tha t a f la toxins spec i f i ca l ly inhibi ted th io -
kinase r eac t ion , i . e . , the act ivat ion of aceta te to form acetyl 
coenzyme A. Donaldson e_t a l . (1972) reported a depression in 
f a t ty acid synthetase and f a t t y acid elongation a c t i v i t y in 
chicken fed d i e t containing a f la tox in . Shankaran e_t a l . (1970$ 
have explained the mechanism by which aflatoxin IL causes 
reduction in hepatic glycogen leve l in ducklings fed af la toxin. 
Aflatoxin stimulated l ip id formation in l i ve r of severa l animals 
(Butler , 1964$. Aflatoxin prolongs the blood c l o t t i n g time in 
severa l animal species (Upcott, 1970; Bababunmi and Bassi r , 1972). 
The toxin causes a hemolytic anemia syndrome in chicken (Tung 
e t a l . , 1975). 
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Aflatoxins have inhibi tory effect on the growth of micro-
organism l ike Bacillus megatherium, B. Tirevis, B. thuringiensis 
Streptomyces and Nocardia species (Burmeister and Hesselt ine, 
1966 )a Boutibonnes and Auffrasy (1977) have studied the 
metabolic disorders induced in Bacillus thur ingiens is by 0.5 ug 
af latoxin B/ml. Abnormal and giant ce l l s of fungal mycelia have 
been observed in the presence of the toxin (Teunison and Robertson, 
1967). The presence of af la toxin in the medium also affected 
oxygen consumption by b a c t e r i a (Nezval e_t &l.f 1970; Eka, 1972). 
.Among insects l ike mosquito, house f ly and f r u i t f l y , aflatoxin 
reduces both the number of eggs and percentage ha tchabi l i ty 
(Arai e t a l . , 1967; Matsumura and Knight, 1967). Green plants 
show albinisum, chlorophyll deficiency and inhib i t ion of seed 
germination (Uritani e t a l . , 1970$ Singh e t a l M 1974). 
Exposure of humans to af latoxin has been reported ( serck 
Hanssen, 1970; Amla e t a l . , 1971; Shank e t a l . , 1971, 1972). 
Aflatoxins are known to inh ib i t nucleoside t ransport (Kunimoto 
e t a l . , 1974). A reduction in whole brain and duodenal serotonin 
level were observed in male Syrian hamsters fed mixed aflatoxins 
for 45 days (Weekley et. a l . , 1978). Aflatoxin B1 ingestion did 
not affect the inorganic phosphate levels in the serum and hepatic 
10,000 g fract ions of r a t l i ve r but choles terol levels were 
increased in l i v e r f ract ions and decreased in the serum (Emerole 
and Bass i r , 1977). Increasing concentrations of aflatoxin B-. 
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led to a complete removal of af la toxins from o i l seed meals 
in s i x passes . Simple ext ract ion of crude o i l with 10 per cent 
aqueous sodium chloride (1 s4) a t 80°C for 30 minutes was found 
to remove 80 per cent of the af la toxins from contaminated o i l 
(Shantha and Sreenivasamurthy, 1977). Rayner e t a l . (1970) 
obtained good reduction in aflatoxin content of contaminated 
cottonseed and peanut meals by extract ion with 95 per cent 
alcohol . Methoxymethane has a lso been used to remove aflatoxins 
from contaminated peanuts (Aibara and Nobumitsu, 1977). Microbial 
de toxi f ica t ion has been studied by Ciegler e t a l . (1966) who 
screened approximately 1000 microorganisms for t h e i r ab i l i t y 
to destroy or transform a f l a tox in s . They found tha t only one 
bacterium Jjlavobacterium aurantiacum (NRRL B-184), was able to 
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remove af la toxins completely from contaminated milk, corn o i l , 
peanut b u t t e r , peanuts and corn. 
Neither gamma nor UY i r r ad ia t ion was observed to be 
sa t i s f ac to ry for the detoxif ica t ion of contaminated products. 
Peuell (1966) studied the tox ic i ty of the contaminated meal 
t rea ted with 2.5 Mrad of gamma rays as well as tha t of the 
af la toxin contaminated meal, exposed to UY l igh t for a period 
of e ight hours. The meal was found to preserve the tox ic i ty 
a f te r both t reatments . Yet Pons £ t a l . (1966) and Andrellos 
e t
 ral. (1967) observed tha t af la toxins were unstable on being 
exposed to u l t r a v io l e t i r r ad ia t ion and the photoproduct thus 
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obtained from af la toxin B1 was less toxic than af la toxin B^• 
Priyadarshini and Tulpule (1976) s ta ted tha t i r rad ia ted cereals 
and root vegetables were more suscept ible to Aspergillus 
pa ras i t i cus and Aspergillus f l a w s a t t ack . I r radia ted foods 
thereby showed higher leve ls of aflatoxin s than the n on-irradiated 
samples of the same. Uiles (1978) has demonstrated higher yields 
of af la toxins on i r r ad ia t ed wheat. However, Shantha and 
Sreenivasa wurthy (1975) reported tha t 99 per cent of the 
af latoxin in peanut o i l was destroyed when i t was exposed to 
sunl ight for 15 minutes and l o s t i t s t ox ic i ty a l so . 
Various other methods have been reported for inact ivat ion 
of a f l a tox ins . Escher et. a l . (1973) observed destruct ion of 
about 66 per cent of af la toxins during the roas t ing of peanuts. 
Chemical compounds have a lso been tes ted as inac t iva to rs of 
a f l a tox in . Of the various ac id s , a l k a l i s , aldehydes, oxidising 
agents and gases t e s t ed , only a few were found to destroy 
a f l a tox ins , without leaving dele ter ious r e s idues . Sreenivasa-
-Yfiurthy e t a l . (1967) reported tha t hydrogen peroxide was an 
effect ive detoxifying agent. Sodium hypochloride used during 
aqueous processing of raw peanuts to produce protein i so l a t e s was 
observed to destroy af la toxins (Natarajan e t a l . , 1975). Codifer 
e t a l . (1976) found tha t treatment of aflatoxin-contaminated peanut 
or cottonseed meals with formaldehyde and lime reduced aflatoxin 
content to low l e v e l s . Masri e t a l . (1969) were the f i r s t to 
demonstrate de tox i f ica t ion of affected commodities by ammonia 
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on a laboratory s c a l e . There have been many subsequent reports 
on the importance of ammonia as a detoxifying agent (Gardner 
e t a l e , 1971; Mann e t a l . , 1971). Brekke e t a l . (1977) found 
tha t ammonigtion reduced the carcinogenici ty of the contaminated 
corn to a l e v e l tha t was not much d i f fe ren t from tha t of the contro 
d i e t . When peanut meal was t rea ted with gaseous ammonia, i t s 
af la toxin content was reduced upto 25 per cent (Viroben jet a l . , 
1978). Brekke e t a l . (1979) s ta ted tha t af latoxin B1 content was 
reduced from 750 t o 7 ug/kg in na tura l ly contaminated corn by the 
addit ion of 1.5 per cent ammonia in a recycle process . .Ammonia 
and coumarin reac t to give beta-amino-hydro coumaric acid which 
i s a water soluble beta-amino acid and i t i s suggested tha t in 
de toxi f ica t ion by ammonia, a s imi lar addition product may be 
formed (Bergot ejfc a l . , 1977) instead of a simple opening of the 
lactone r ing by hydrolysis (Beckwith e_t a l . , 1975). Various 
fumigants l ike phostoxin, ch loropic r in , a c r y l o n i t r i l e and carbon 
te t rach lor ide have been studied for the i r capacity to inact ivate 
af la toxins (Brekke el; a l . , 1978), but none of these has"- been 
found to be e f f ec t ive . 
Degradation of af la toxins 
With growth of A. f lav us on a l iquid medium, i t was observed 
tha t af la toxin reached a maximum leve l a t a ce r t a in period and 
then decreased indica t ing degradation of 15-55 per cent of the 
af latoxin (Ciegler e t a l . , 1966). Degradation of the toxin was 
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accompanied by a rapid r i s e in pH from about 3.0 to about 5.4, 
a sharp increase in the supernatant nitrogen, an i n i t i a t i o n of 
mycelial l y s i s , a near exhaustion of the available- sucrose in the 
medium and a rapid production of conidia . Addition of extra 
carbohydrate t o the medium at a l a t e r stage did not stop aflatoxin 
degradat ion. This proves that toxin degradation i s independent of 
exhaustion of the energy source. -As large numbers of conidia are 
produced in the degradation period, the incorporation of toxin 
into the spores, while they are formed, may account for the toxin 
loss (Ciegler et, a l . , 1966). According to Gupta (1969), 
fragmented mycelia may re lease a hypothet ical degrading enzyme. 
Of the severa l organisms which could degrade af la toxin B1 
in l iquid cu l tu res , Corynbacterium rubrum degraded more than 99 
per cent of the af la toxins in 4 days. However, cunning hatnella 
echinulata degraded more than 99 per cent of the af la toxins in 
20 days (Mann and Eehim, 1975). The af la toxin metabolite formed 
by moulds in l iquid cul tures was characterized by UV fluorescence 
arid mass spectrometry and iden t i f i ed as af latoxin Eo. Ci t r ic 
acid has been reported to r e t a r d degradation of af latoxin B* 
and G1 by b i s u l f i t e (Doyle and Marth, 1978< .^ 
Chemistry of af la toxins 
Based on spec t ra l data analysis four compounds o r ig ina l ly 
i so la ted were named as af la toxins after the producing mould. The 
name, af ls toxin B-, Bp, G. and G? was l a t e r proposed after their 
blue and green f luorescent colours under long wave u l t r av io le t 
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l i gh t and t h e i r chromatographic pos i t i ons . The chemical 
s t ruc tu res of af latoxin B-.
 ? Bp, ©1 and Gp have been elucidated 
(Asao e t a l e , 1963, 1965; Chang e_t a l e , 1963; Brechhuhler e t a l . , 
1967) and are composed of a subs t i tu ted coumarin nucleus fused to a 
bisfuran ring,, Aflatoxins Bp and G2 are the respect ive dihydro-
der iva t ives of t h e i r parent compounds. The u l t r a v i o l e t adsorption 
spectra of af la toxins B.. , B„, G.. and Gp are quite s imi la r , a l l 
showing maxima a t 223, 265 and 363 nm respec t ive ly . I t 363 nm 
the molar ext inc t ion co-ef f ic ien ts of af la toxin B-, Bp, G.. and 
G2 are as 21800, 14700, 16100 and 19300 respec t ive ly . The 
fluorescence emission maximum for B.. and B? i s 425 nm while 
that for G^  and G? i s 450 nm (Wogan, 1966). Hydroxy a f l a tox ins , 
namely, af la toxins Bp and Gp (Button and Heathcote, I96S) and 
af latoxins J(L and M? (Holzapfell e_t al© , 1966) have been reported. 
In Bp and Gp a hydroxyl group i s subs t i tu ted a t the C-2 position 
of the terminal dihydrofuran r ing while in af la toxins M1 and Mp 
i t i s a t the 0-4 pos i t ion . Several metabolites of aflatoxin 
e x i s t , v i z . , af la toxin GM. (Button and Heathcote, 1969), GMp 
(Heathcote and Hibbert, 1974$, af la toxin B, (Cole e t a l . ^ 
197%), a f l a tox ico l (Robertson e_t a l . , 1970), a f la toxic ol H.. 
(Salhab and Hsieh, 1975), af la toxin Q1 (Masri e t a l , , 1973) and 
af la toxin P.. (Dalezios and Wogan, 1971). Aflatoxin B-, or 
paras i t i c o l , a n a t u r a l metabolite of A^_ flavus and A. paras i t icus 
Was obtained and characterized in the course of s tudies 
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designated to inves t iga te the possible conversion of aflatoxin B^  
to ML by microbial hydroxylation. Aflatoxin P^  i s produced in 
t race amounts by the O-demethylation of af latoxin IL during 
animal metabolism. Aflatoxin CL is the major metabolite of 
af la toxin B1 and i s produced by microsomes of monkey and human 
l iver* Dihydroxyaflatoxin, namely, af la toxins Mp and GM2a have 
been iden t i f i ed (Heathcote and Hibbert , 1974) 
in cul ture f luid ex t rac ts of As f lav us s t r a i n s a f t e r thin layer 
chromatography separat ion of the components of the more polar 
a f la toxin fract ions* Various af la toxin de r i va t i ve s , l ike O-alkyl 
a f l a t oxins , O-ethyl der iva t ives of a f l a tox ico l , reduced aflatoxin 
B2 and af latoxins D. and D? have been iden t i f i ed . 
The a lkyl der iva t ives of the hydroxy af latoxins ex i s t as 
a r t e f ac t s of the corresponding hydroxy' af la toxins (Button and 
Heathcote, 1969)» O-ethyl der ivat ives of a f l a tox ico l arose as 
a r t e fac t s produced by the ethanol present as preservat ive in the 
chloroform solut ion used to ex t rac t the a f la toxico l (Cole e_t a l . , 
1972). Reduced af la toxin B? , b e t t e r known as RBp (Ashoor and 
Ghu, 1975), was obtained by limited reduction of a f la toxin Bp 
with sodium borohydride a t neut ra l or s l i g h t l y a lka l ine pH. 
Aflatoxin D.. and Dp are compounds present in the chloroform 
soluble fract ion obtained on ex t rac t ing the ammoniation product 
with chloroform when ammoniation i s used to detoxi iy mould 
damaged products (Lee e t a l 0 , 1974; Cucullu e t a l . , 1976). 
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i f l a tox ins produced by the mould are highly stable 
compounds in normal food and feed but are highly reac t ive at 
e i the r end of the pH scale (pH O and >10) and at higher 
temperatures (>80*C) . However, degradation of aflatoxins 
also occurs in chromatograms exposed to air and u l t r av io l e t 
or v i s ib le l igh t (V.'ogan, 1966). All the four af latoxins are 
oxidized by reagents l i k e , Ce (ff i .^CSO,) , , NsoCl* KMHO. and 
3 per cent Hg 02 plus NaBOj (1:1) (Trager and Stoloff, 1967). 
Aflatoxins are susceptible to a lkal ine hydrolysis and p a r t i a l 
r ecyc l i za t ion occurs af ter ac id i f i ca t ion of the hydrolysis 
product (Delongh et_ s i . , 196*3). 
Factors affecting; aflatoxin biosynthesis 
Different s t r a in s of the fungus produce varying amounts of 
af latoxins when grown under similar condi t ions . Yet, besides 
the genet ic fac tor , the yield of aflatoxin produced by a 
pa r t i cu la r s t r a i n depends on growth conditions like moisture, 
temperature, subs t ra te , pH, period of incubation &nd other 
miscellaneous f a c t o r s . 
Several reviews have elaborated the conditions leading 
to aflatoxin production in f ie ld crops as well as grains stored 
in granaries (Ciegler and l i l l eho j ; , 1968; Diener and Davis, 1969; 
Davis and Diener, 1970; Detroy et_ a l . , 1971; Fusrath, 1978). 
Temperature (20-30 °C) and r e l a t i v e humidity (70-80 per cent) were 
u i 
observed to be c r u c i a l factors cont ro l l ing aflatoxin synthesis 
in a g r i c u l t u r a l commodities. 
Aflatoxins have a lso been experimentally produced by growing 
the fungus on a wide range of na tu ra l subs t ra tes l ike ce rea l s , 
beans, coconut, peanuts, meat, cheese and f r u i t drinks (Hesseltine 
e t a l . , 1966; Wildman ejb a l . , 1967; Arseculeratne e t a l . , 1969? 
Diener and ."Davis, 1970; Hessel t ine e t a l . , 1970; Shih and Marth, 
1972). Aflatoxin formation is higher in media containing crude 
na tura l subs t ra tes l ike peptone, yeast e x t r a c t , groundnut e t c . 
(Hesseltine et a l . , 1966; Diener and Davis, 1969; Davis and Diener, 
1970; Detroy e t a l . , 1971).. 
According to Venkitasubramanian (1977) and Maggon e_t a l . 
(1977)f an i n i t i a l pH of 4»0 - 5 .0 , glucose or sucrose as carbon 
source, asparagine and (NH«)pS0, as nitrogen source and optimum 
levels of t race metals are p re - requ i s i t e s for af la toxin production 
on a synthet ic medium, provided the fungus is grown a t a 
temperature from 25-30°C. The period of incubation is also an 
important factor con t ro l l ing the synthesis of af latoxin by 
toxic fungi. Maximum yie lds of af la toxins were obtained from 
5 to 12 day old cul tures a f t e r which lower y ie lds were attained 
(Davis e_t a l . , 1966; Arseculeratne e_t a l . , 1969; Gupta et, a l . , 
1974 b ) . Maximum synthes is of af la toxins as measured by 1-C -
aceta te incorporation in to af la toxins was found to occur on the 
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observed to be c r u c i a l factors cont ro l l ing aflatoxin synthesis 
in a g r i c u l t u r a l commodities. 
Aflatoxins have a lso been experimentally produced by growing 
the fungus on a wide range of na tu ra l subs t ra tes l ike ce rea l s , 
beans, coconut, peanuts, meat, cheese and f r u i t drinks (Hesseltine 
e t a l . , 1966 j Wildman <9t §2.., 1967,* Arseculeratne e t a l . , 1969? 
Diener and Davis, 1970; Hessel t ine e t a l . , 1970? Shih and Marth, 
1972). Aflatoxin formation is higher in media containing crude 
na tura l subs t ra tes l ike peptone, yeast e x t r a c t , groundnut e t c . 
(Hesseltine _et a l . , 1966? Diener and Davis, 1969; Davis and Diener 
1970; Detroy ejt a l . , 1971).. 
According to Yenkitasubramanian (1977) and Maggon e t a l . 
(1977), an i n i t i a l pH of 4*0 - 5 .0 , glucose or sucrose as carbon 
source, asparagine and (OTBL^ pSO. as nitrogen source and optimum 
levels of t race metals are p re - requ i s i t e s for af la toxin production 
on a synthet ic medium, provided the fungus is grown a t a 
temperature from 25-30°C. The period of incubation is a lso an 
important factor con t ro l l ing the synthesis of af la toxin by 
toxic fungi. Maximum yie lds of af la toxins were obtained from 
5 to 12 day old cul tures a f t e r which lower y ie lds were attained 
(Davis ejb a l . , 1966; Arseculeratne e t a l . , 1969; Gupta et. a l . , 
1974 b ) . Maximum synthes is of af latoxins as measured by 1-C1^-
aceta te incorporation in to af la toxins was found to occur on the 
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of growth and a f l a t ox in formation "by high concentrations of 
p-aminobenzoic ac id , sulphanilamide, an th ran i l i c acid, potassium 
sulphate and potassium fluoride on a sucrose-yeast ext rac t mediums' 
Benett ejb a l . (1976) studied the effects of addit ions of acetone, 
ace t ic acid, ethanol and sodium aceta te on production of 
a f l a tox ins . They found tha t in the presence of glucose, low 
concentrat ions of acetone (0 .01 , Oe025 and 0e 1 M) stimulated 
af la toxin biosynthesis while high concentrations (0.24 and 1.0 M) 
had inhib i tory e f fec t . Aeetic acid was found to i nh ib i t aflatoxin 
biosynthesis whereas aceta te was s t imulatory. Gupta ejb a l . (1974*0 
reported tha t the presence of l aur ic acid and sebacic acid in 
the medium, instead: of sucrose, gave b e t t e r y ie lds of af la toxin. 
Carboxylic acids containing twjo to ten carbon atoms, l ike acet ie 
and propionic acids were inh ib i tory to fungal growth and aflatoxin 
production. Various amino acids l ike methionine, p ro l ine , 
tryptophan, asparagine, aspar t ic acid and alanine were found to 
s t imulate af la toxin synthesis (Naik e_t a l . , 1970; Reddy et. a l .» 
1971, 1972). Gupta e t a l . (1974$ found tha t asparagine and 
aspar t i c acid stimulated ( 1 - C)-acetate incorporation in to 
a f l a tox ins . ' Stimulation of 1- ^C-acetajfce incorporation in to aflatoxin 
was observed by r e s t i n g mycelia of A. pa ras i t i cus in the presence 
of low concentrations of iodo a c e t a t e , sodium a r s e n i t e , 2 ,4-
d in i t rophenol , sodium-fluoride and p-aminosalicylate (Gupta 
e t a l . , 1976). At the higher concentrations t e s t ed , these 
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compounds were found to be inh ib i to ry . Shih and Marth (1974 a) 
observed tha t sodium azide se l ec t ive ly inhibi ted the terminal 
r esp i ra t ion of A. pa ras i t i cus leading to enhanced synthesis of 
af la toxin and l ip id due to accumulation of acetyl-CoA0 Bean 
and Rambo (1975) reported that dimethyl sulfoxide when present , 
in the synthe t ic medium, inhibi ted the synthesis of aflatoxin,, 
Ethylene diamine t e t ra~ace ta te has been demonstrated t o inh ib i t 
af la toxin formation but to st imulate 1- C-aeetate incorporation 
in to af la toxins (Gupta ert alo
 % 1975o). Groll and Lu^k (1970) 
observed tha t preservat ives l ike sorbic acid and sorbyl 
palmitate inh ib i ted af la toxin formation by A* f lav us in bread. 
Citrus o i l s were found to i nh ib i t af la toxin formation by 
A„ pa ras i t i cus cul tures (Alderman and Marth, 1976). Bullerman 
e t a l . (1977) showed l a t e r t h a t cinnamic aldehyde and eugenol 
were the mad or act ive ant ifungal agents in c i t r u s o i l s responsible 
for inh ib i t ion of af latoxin formation. Maggon e t a l . (1977) 
have reviewed the various metabolic promoters and inhib i tors 
a f fec t ing af latoxin syn thes i s , 
In A. flavus sodium a c e t a t e , benzoic ac id , malonie acid and 
sodium benzoate were found to i n h i b i t fungal growth as well as 
a f la toxin synthesis (Uraih and Chipley, 1976). Uraih e t a l . 
(1977) l a t e r reported tha t th i s reduction in af la toxin production 
ky A. flavus i s accompanied by the appearance of versiconal 
a c e t a t e . According to Stewart et a l . (1977), of the several 
ant ifungal agents tes ted i.n_ v i t r o agains t A. p a r a s i t i c u s . 
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propionic acid and c rys ta l v i o l e t were most effect ive in 
i nh ib i t i ng fungal growth as well as af latoxin production. 
Copper su lphate , calcium propionate and sodium propionate were 
s ign i f i can t ly less effective,* Buchanan and Fletcher (1978) 
reported tha t the methylxanthine, caffeine, inhibi ted af latoxin 
synthesis in Aspergillus pa ra s i t i cus 0 When powdered herbal drugs 
and common dry condiments as well as t h e i r hot water , CHC1, and 
EtOH ex t rac t s were tes ted for t he i r a b i l i t i e s to i nh ib i t 
mycotoxin production and growth of severa l s t ra ins of a spe rg i l lu s , 
powdered cinnamon bark was found to be the most effect ive 
(Hitokoto e_t a l . , 1979). Many chela t ing agents se lec t ive ly bind 
t race metals l ike zinc which i s st imulatory to af la toxin formation, 
thereby inh ib i t ing af la toxin synthesis as well as incorporation 
14 of 1-0 -ace ta te in to af la toxins l ike phytic acid , 2-mercapto-
ethanol and Tolnaftate (Gupta and Yenkitasubramanian, 1975a, 
1975 b ; Gupta e t a l . , 1976a; Khan et a l . , 1978). Aflatsxin 
synthesis was found to be inhib i ted by e th ionine , an analogue 
of methionine and a lso dichlorvos (Betroy and Ereer, 1974j 
Schroeder et al. , 1974; Benett et al., 1976). 
Berenson e_t a l . (1978) have recen t ly reported the effect 
of d i f f e ren t concentrations of dichlorvos on aflatoxin 
production by the wild type and a mutant s t r a in of A. pa ras i t i cus . 
Buchanan and Ayres (1976) studied the effect of various acids 
and s a l t s on growth and aflatoxin production by A, flay us. 
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They found that sodium aceta te a t leve ls of 068 g/100 ml 
p a r t i a l l y inhibi ted mycelial growth "but decreased aflatoxin 
production, hy 99 per cen t , the extent of inhib i t ion being a 
function of the i n i t i a l pH of the medium^ Tricaprylin a t 
increasing concentrations was found to repress synthesis of 
af la toxin JGL more than tha t of B1 (Schultz and Luedeeke, 1977)s 
Foudin ejt a l . (1978) observed that ethoxyquin spec i f i ca l ly 
inhib i ted af latoxin G but had no effect on af latoxin B^. Achmoody 
and Chipley (197S) showed that when cul tures of A. flavus were 
incubated with N, N-dicyclohexylcarbodiimide or sodium azide 
the re lease of af la toxin B1 was inhibi ted tremendously. 
Biosynthesis of af la toxins 
Several workers have reviewed the current ly accepted b io -
genetic scheme for af la toxins (Roberts, 197^; Jemmali, 1976; 
Maggon e t a l , , 1977; Patterson and Jones, 1977; Heathcote and 
Hibbert, 1978). According to them, af la toxins form an important 
c lass of polyketides obtained by condensation of acetate and 
malonate un i t s 9 A de ta i l ed account of polyketide biosynthesis 
has been presented by Turner (1971). Detroy e_t a l . (1971O) have 
given a descr ip t ive account of the possible biogenetic schemes 
for secondary fungal metabol i tes including a f la tox ins . 
Observations have a lso been made regarding incorporation of 
label led a c e t a t e , methionine, phenylalanine, tyrosine and 
tryptophan. Methionine spec i f i ca l ly label led the methoxy group 
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of af la toxins (Adye and Mateles, 1964). Addition of label led 
amino acids to af la toxins led to the formation of charged 
compounds (Noh and Chu, 1972; Bonkers loot ejt a l *» 1968) which 
was wrongly in terpre ted as amino acid incorporation in to 
af la toxins (Heathcote e_t ^ 1 . , 1973). Bonkersloot e_t a l . (1968) 
reported the non-incorporation of label led shikimic acid and 
mevalonate« That the carbon skeleton of aflatoxin B-. i s derived 
completely from aceta te has been revealed from studies on the 
chemical degradation of label led af la toxins (Biollaz ejfc a l . , 
1968, 1970). Malonate was found to be a b e t t e r precursor than 
aceta te for af latoxin synthesis (Gupta e t a l . , 1975). Various 
14 
inves t iga tors have reported tha t 2- C7acetate i s superior to 14 1- ^C-acetate for af la toxin biogenesis (Heathcote e_t al* , 1971; 
Gupta e_t al,, , 1974 a ) . 
1 ^ 
The l abe l l ing pattern of aflatoxin B1 derived from ( 1 - -'C)-
13 l^ 
and (2- C)~acetate, has been studied by C-nuclear magnetic 
resonance spectrometry (Hsieh e t a l , , 1975; Steyn e t a l . , 1975; 
Pachler ej: a l . » 1976). These inves t iga tors were able to assign 
the labe l for a l l the carbon atoms of aflatoxin B1 molecule and 
th i s suggested involvement of an intermediary s ingle polyacetate 
chain in af la toxin B1 synthesis* Hsieh e_t a l . (1976) reported 
1 "5 1 ^ 
that ^ - l a b e l l e d aflatoxin and "T-labelled averufin derived 
13 
from 1- C,-acetate were identical, Versiconal hemiacetal 
acetate has been identified as an intermediate in aflatoxin 
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biosynthesis ( F i t z e l l e t a l . , 1977)® Cox e t a l . (1977) reported 
1 ^ tha t ( •?G)'-versiconal aceta te was converted to aflatoxin B^  "by 
A» f lav us and the labe l l ing pat tern was found to "be s imilar to 
the observations of Hsieh e_t a l . (1975) and Bachler e t a l . (1976). 
Sterigmatocystin and vers icolor in^ are most probably derived 
b iogenet ica l ly in s imi lar ways (Steyn e_t a l . , 1975)* Gorst e_t a l . 
(1978) assigned the label for a l l carbon atoms of vers icolor in A 
using carbon-13-nuclear magnetic resonance spectrometry and 
showed t h a t vers ico lor in A is an intermediate of aflatoxin 
syn thes i s . 
Recently, the use of mutants of A. pa ras i t i cus and A, flavus 
which are unable to synthesize a f l a tox in , has provided a lo t of 
ind i rec t evidence of the intermediates of af la toxin synthes is . 
A finding which has emerged from such studies i s tha t averufin 
(Donkersloot e t a l . , 1972), norsolor in ic acid (lee e t a l * , 1971; 
Setroy et, a l . , 1973) and vers icolor in A (Leeet a l . , 1976) 
accumulate in large amounts instead of af la toxins in these 
strains® These three intermediates were postulated to be the 
precursors of a f l a tox ins . Rabie git a l . (1977) reported tha t 
the biogenetic s teps common to the aflatoxin pathway un t i l 
s ter igmatocyst in formation existed in Aspergillus vers icolor 
which produces sterigmatocystin but no a f la tox in . Various 
species of Aspergillus produce sterigmatocystin while aflatoxin 
i s produced only by Aspergillus paras i t i cus and Aspergillus flavus» 
FIGURE 1 . PJDHWJIS 0? iiPliffiOXIN. BIOSYHDHBSIS. 
> Probable r o u t e 
—> E s t a b l i s h e d r o u t e 
(From i f l s t o x i n s % Chemical and B i o l o g i c a l a s p e c t s , 
e d i t e d by J .G. Hesthcote and J . R . Hibbert . 
Pub l i shed by E l s e v i e r S c i e n t i f i c Co., imsterdam, 
Oxford, Kew l o r k , 1978). p . H o . 
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The enzymatic conversion of sterigmatocystin t o aflatoxin B^  
by c e l l free ext racts of A» pa ras i t i cus cu l tu res was reported 
by Singh and Hsieh (1976). Lin e t a l . (1973) reported the 
con-version of averufin to af la toxin while Lee et a l . (1976) 
reported the conversion of vers icolor in A to af latoxin B^  in 
the s t r a in A. p a r a s i t i c u s . 
Inh ib i t ion of af la toxin synthesis by dichlorvos was 
accompanied by the appearance of an orange pigment (Schroeder 
e t a l . , 1974) which was ident i f ied as versiconal acetate by lao 
and Hsieh (1974). These workers (Yao and Hsieh, 1974) reported 
tha t A. pa ras i t i cus was able to convert averufin to versiconal 
ace ta te and vers iconal acetate to aflatoxin B-j in the presence 
of d ichlorvos . Hsieh e_t a l . (1976b, 1978) studied the conversion 
of s ix compounds, namely, a ce t a t e , averufin, versiconal ace t a t e , 
vers ico lor in A, norsolor in ic acid and sterigmatocystin to 
af latoxin B.. by separately incubating each intermediate with 
r e s t i n g mycelium of A^ pa ra s i t i cus . They postulated a route of 
biosynthesis on the bas i s of r e l a t i v e specif ic a c t i v i t i e s . The 
postulated pathway follows the order; ace ta te—^norsolor in ic-
acid—s>averufin ^versiconal ace ta te ^vers ico lo r in A > 
sterigmatocystin ^aflatoxin B^. The major steps involved in 
aflatoxin synthesis have been presented in Pig. 1. 
Zamir and Ginsburg (1979) have recognized five unknown 
precursors of vers ico lor in A by the k ine t ic pulse labe l l ing 
technique. Recently, fungal pro toplas ts and c e l l free extracts 
derived from them have "been developed for studying the b i o -
synthesis of a f la toxins (Button and Anderson, 1973; Anderson 
and Dutton, 1979). 
These fungal pro toplas ts were able to convert aceta te and 
other intermediates into af la toxins showing tha t the whole 
b iosynthet ic pathway is i n t ac t in the protoplas ts* In our 
laboratory , too spheroplasts were prepared from Aspergillus 
pa ras i t i cus HRR1 3240 (Sivaswami, 1978). Some of t he i r propert ies 
were noted with spec ia l reference to t h e i r d£ novo af latoxin 
synthesizing a b i l i t y (unpublished da t a ) . Using spheroplasts and 
l y s a t e s , the effect of a number of t race metals and sugars on 
af la toxin biosynthesis was studied® The in t e r r e l a t ionsh ip between 
l ip id formation and af la toxin synthesis was invest igated using 
in t ac t spheroplasts and lysa tes 8 
The ro le of aflatoxin IL as the biogenetic precursor of 
a l l other af la toxins was postulated by Maggon and Yenkitasubramanian 
(1973)» Heath cote e_t a l . (1976) reported t h a t af latoxin B.. was 
readi ly convert ible to af la toxins B„, GL , Gv,, B? and G? but not 
to af la toxin ML. So aflatoxin ML was proposed as the precursor of 
a l l other aflatoxins,, Since incorporation of l abe l from aflatoxin 
M. in to aflatoxin B. , GML and M„ has been poss ib le , Heatheote 
and Hibbert (1973) reported tha t af la toxins M1 , B^and G.. give 
r i s e to other af la toxins following the route . 
Aflatoxin MH •> Aflatoxin BH •> Aflatoxin G. 
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Regulation of af la toxin "biosynthesis 
The synthesis of af la toxin by Aspergillus paras i t i cus i s 
regulated "by various f a c t o r s ! t race metals l ike z inc; amino 
acids l i k e methionine and asparagine; inorganic phosphate, 
energy charge; glycolysis and Krebs cycle intermediates 
(Venkitasubramanian, 1977; Maggon e t a l . . 1977). 
Role of t race elements 
Weinberg (1970, 1971, 1974, 1977, 1978) studied the effect 
of trace elements on mycelial growth and secondary metabolite 
production, the probable mechanism and the i r s i t e of action in 
secondary metabolite synthes is s Of the nine b io logica l ly 
s ign i f i can t t race metals s tud ied , manganese, iron and zinc were 
considered to be the most important for synthesis of secondary 
metabolites,, 
The improved yield of aflatoxin obtained on na tu ra l 
subs t ra tes has been explained on the basis of t h e i r t race metal 
content . Bassir and Adekunle (1972) a t t r i bu t ed low yields of 
af la toxin on orange, pineapple, lemon and mango to the absence 
of molybdenum in these f ru i t s . The high yie lds of aflatoxin 
obtained on papaya, sugar-cane, banana and carrot were ascribed 
to the presence of magnesium, iron and zinc in these subst ra tes 8 
According to Maggon and Venkitasubramanian (1973) the enhanced 
af la toxin yie ld in some groundnut f ract ions was due to the 
presence of inorganic const i tuents l ike copper, manganese, zinc 
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and i ron . Lillehcg e_t al„ (1974) also demonstrated an associat ion 
between the presence of A. flavus infect ion in corn and high 
levels of t race metals,, Enrichment of corn with manganese, 
copper and cadmium or chromium led to higher af la toxin y i e lds , 
The ro le of t race elements in af latoxin production on na tu ra l 
subs t ra tes as well as synthet ic media has been studied by many 
inves t iga tors B According to Lee e_t a l . (1966) barium inhibi ted 
while cadmium stimulated af la toxin formation, Tulpule (1969) and 
Maggon _et a l . (1973) reported tha t cadmium at low concentrations 
st imulated af la toxin synthesis,* Maggon e t a l . (1973) were the 
f i r s t to observe tha t vanadium inhibi ted af latoxin production 
without affect ing fungal growth. Magnesium was found to enhance 
fungal growth as well as aflatoxin formation (Davis e_t a l , , 1967; 
Maggon e t a l . , 1973). Detroy and Ciegler (1971 b ) observed that 
manganese deficiency caused incomplete or a l te red c e l l wall 
synthesis in Aspergillus pa ras i t i cus r e su l t i ng in change of 
fungal morphology to yeas t - l ike forms, 
Maggon ejfc a l . (1973) reported tha t boron and molybdenum were 
s t imula tory , whereas cobalt had no s ign i f i can t e f fec t , Tulpule 
(1969) and Maggon e_t a l . (1973) observed reduction in the level 
of toxin formation when the growth media was depleted of copper, 
calcium and i ron . Pigment formation was a lso reduced in the 
absence of iron and copper. Based on these r e s u l t s , Maggon e_t a l . 
(1977) have proposed the involvement of copper and iron in the 
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c y c l i z a t i o n of the poly ke t i d e chain t o a f l a t o x i n s and o ther 
r e l a t e d compounds. Marsh e_t a l . (1975) showed t h a t s a l t s of 
i r o n , manganese, copper , cadmium, chromium, s i l v e r and magnesium 
a t l e v e l s of 25 ug/ml i n h i b i t e d a f l a t o x i n b i o s y n t h e s i s , but the 
2+ 2+ 2+ 2+ 2+ 
myce l i a l weight was unaffected* Zn , Mg , Mn , Ba and Ca 
ions enhanced i n c o r p o r a t i o n of l a b e l l e d a c e t a t e i n t o a f l a t o x i n s 
when resuspens ion experiments were c a r r i e d out (Gupta e_t a l . , 
1975 a ) . Bhatnagar e t a l . (1979) observed 2 a0 t o 3.5 fold 
i n c r e a s e in a f l a t o x i n formation by l i t h i u m a t l e v e l s of 25 and 
50 m g / l i t r e wi th i n s i g n i f i c a n t e f f e c t on a f l a t o x i n G. 
Regula t ion by z inc 
A survey of l i t e r a t u r e r e v e a l s t h a t z inc i s a key metal for 
the b i o s y n t h e s i s of many secondary m e t a b o l i t e s i nc lud ing 
a f l a t o x i n s as we l l as of pr imary m e t a b o l i t e s (Weinberg, 1970). 
There a re numerous z inc-dependent enzymes involved in impor tant 
metabol ic r o u t e s , and thereby zinc p lays an impor tant p a r t in 
the c o n t r o l of metabolism (Valee , 1977; Weinberg, 1977). These 
au thors observed t h a t z inc d e p l e t i o n in microorganisms r e s u l t e d 
in r e t a r d e d growth, decreased p r o t e i n , RNA and pyr id ine n u c l e o t i d e 
con ten t s and reduced a c t i v i t i e s of a l k a l i n e phospha tase , a l coho l 
dehydrogenase and l a c t a t e dehydrogenase with increased amounts 
of BNA, p h o s p h o l i p i d s , amino a c i d s , o rganic a c i d s , polyphosphates 
and ATP„ 
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The s t imulatory effect of zinc on a f l a t ox in biogenesis has 
been well e s t ab l i shed , but the zinc levels reported by di f ferent 
workers have ranged from 0S4 to 10«0 mg per l i t r e of medium (lee 
et a l . , 1966; Davis e t a l . , 1967; Tulpule, 1969; Reddy e t a l . , 
1971; Maggon e t a l . , 1975; Marsh e t a l . , 1975). The involvement 
of zinc in carbohydrate metabolism of fungi has been invest igated 
by Smith e t a l . (1974). 
I n Aspergillus n iger , zinc a t low concentrations was reported 
to s t imulate c i t r i c acid production while higher concentrations 
accelerated fungal growth (Wold and Suzuki, 1976). 
In the s tudies by Gupta e_t a l . (1976 a , b , 1977) and by 
Venkitasubramanian and Gupta (1977), on the role of zinc in the 
metabolism of Aspergillus p a r a s i t i c u s , zinc was found to st imulate 
1
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fungal growth and synthesis of p ro t e ins , nucleic ac ids , alpha 
ketoacids , nicotinamide coenzymes and ATP. Lipid synthesis and 
levels of inorganic phosphate were depressed in the presence of 
zinc. Maximum a c t i v i t i e s of the zinc-dependent glycolytic 
enzymes were observed a t 48 hours of growth, decreasing thereaf te r . 
Enzymes of the Kreb's cycle were unaffected by the zinc content 
of the growth medium^ The possible mode of action of zinc on 
af latoxin metabolism has been discussed by Venkitasubramanian 
(1977) and Maggon et a l . (1977), 
Role of asparagine and methionine 
The amino acid , asparagine plays an important role in 
af la toxin synthesis (Reddy, 1972). Rao e_t_ a l . (1979) observed 
high l eve l s of l ip id and low leve l s of aflatoxin in asparagine 
depleted medium as compared to normal synthet ic medium repleted 
with asparagine. ATP l eve l a t 43 hours of growth was less in 
asparagine-depleted medium than in SIS medium. ADP-level 
increased dramatical ly with growth hut t h i s increase was not as 
marked as in other media employed (Rao e t a l . , 1980a). As compared 
to normal SIS medium, growth on asparagine-de f ie l en t medium was 
sluggish and levels of aflatoxin and NADH oxidase ac t iv i ty 
remained low (Rao e_t a l . , 1979., 1980b). 
According to Adye and Mateles (1964) and Donkersloot e t a l . 
14 (1963) methyl-C -methionine label led spec i f i ca l ly the C-methyl 
side chain of the af latoxin molecule. The effect of cycloheximide 
14 and fluorophenyl on 1-C -methionine incorporation into aflatoxins 
was also s tudied. I t was concluded t h a t , besides incorporation 
in to p ro te in , " ". ' . 
methionine was u t i l i z ed for the methylation reac t ions 
involved in af la toxin biogenesis (Detroy and Hessel t ine , 
1970). JSthionine and re l a t ed methionine analogs inhibi ted the 
methylation step of aflatoxin synthesis (Detroy and Ciegler, 19714* 
The necess i ty for C-1 -methylation and requirement of methionine 
for af la toxin synthesis were reported by Detroy and Freer (1974). 
They postulated tha t methylation of the polyketide chain in 
af la toxin synthesis occurs before the aromatization process. 
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Glycolysis and af latoxin synthesis 
The three pathways involved in u t i l i z a t i o n of glucose are 
the Bnbden-Meyerhoff pathway (EMP), the hexose monophosphate 
pathway (HMP, PP) and the Entner Buodoroff pathway (ED). In 
fungi the EMP pathway accounts for 60 per cent of the glucose 
diss imi la ted while the PP pathway accounts for the remainder* 
EMP and PP pathways produce NADH and NADPH, where NADH i s 
involved in e lectron t ransfer with i t s associated oxidative 
phosphorylation while NADPH is u t i l i z ed in reductive biosynthesis , 
EMP pathway i s ac t ive during the exponential growth phase and 
under aerobic conditions (Berry, 1975; Righelato, 1975; Blumenthal, 
1966; Cochrane, 1976). The EMP pathway i s u t i l i z ed by 
Aspergillus niger to an extent of 78 per cent (Blumenthal, 1965). 
Shih and Marth (1974 a) who carr ied out s tudies on A8 paras i t icus 
have reported a corre la t ion between the amount of aera t ion , opera-
t ion of the EMP pathway and af la toxin synthesis,, Aflatoxin 
formation was observed to be greater when oxidative phosphorylation 
was inhibi ted by sodium azide , an inh ib i to r of electron t ranspor t 
and r e sp i r a t i on (Shih and Marth, 1974)* I t has been suggested 
(Maggon e_t a l . , 1977) tha t both the EMP and HMP pathways 
p a r t i c i p a t e in cer ta in d i s t i n c t r e l a t i v e proportions for 
maximal af latoxin synthesis 0 Catabolite control in secondary 
biosynthesis has a lso been explored, pa r t i cu l a r ly the correlat ion 
between glucose catabolism and formation of secondary metabolites 
(Demain, 1972; Berry, 1975; Bull and Bushell , 1976). 
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The f i r s t repor t on the role of zinc in glycolysis was 
tha t of Bertrand and de Wolf (1959) who observed tha t Zn + was 
necessary for the synthesis of cer ta in glycolyt ic enzymes in 
Aspergillus rriger. Gupta ejb a l . (1976 Co) have a lso reported 
that the glycolyt ic enzymes of Aspergillus pa ras i t i cus are zinc 
dependent. In zinc deficiency, fungal glycolysis was found to 
occur mainly via the MP pathway instead of the MP pathway, 
leading to f a i lu re of accumulation of an appropriate amount of 
pyruvate to be further u t i l i z ed for secondary biosynthesis 
(Gupta, 1976). 
Tricarboxylic acid cycle (Kreb's) and aflatoxin synthesis 
The t r icarboxyl ic acid cycle occupies a key posi t ion in 
microbial metabolism. A marked decrease in TGA cycle ac t iv i ty 
was observed on termination of the exponential phase, probably 
due to ca t abo l i t e repression of glucose (Bulock, 1965 )• TCA 
cycle intermediates when used as carbon sources in the medium, 
were found to i nh ib i t af latoxin formation by Aspergillus 
pa ras i t i cus (Reddy, 1972), C i t r i c and succinic acid.<; were 
markedly inh ib i to ry to af la toxin synthesis while reduction in 
growth was almost 33 per cent (Gupta, 1973). 'Stimulation of 
H ace ta t e~1- C incorporation in to af la toxins by TGA cycle 
intermediates was observed* Stimulation was maximum with 
oxal ace ta te followed by c i t r a t e , malate, fumarate, pyruvate, 
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l a c t a t e and other acids (Gupta e t a l . , 1974<$9 According to 
Detroy e t a l . (1971) i n i t i a t i o n of synthesis of secondary 
metaboli tes including af la toxins may he due to accumulation 
of TCA cycle intermediates during the l a t e exponential growth 
phase. The excessive synthesis of ^"£,a cycle intermediates and 
acetyl-CoA might r e s u l t in ac t iva t ion of the secondary 
hiosynthet ic enzymes leading to secondary metabolite synthes is . 
An associa t ion "between amounts of af latoxin synthesized 
and l e v e l of I r e b ' s cycle intermediates has been observed 
(Gupta e_t a l . , 1977 b ) , both r i s i n g markedly during the la te 
exponential phase and decl ining in the s ta t ionary phase* Most 
of the TCA cycle intermediates were found to i nh ib i t aflatoxin 
production a t concentration of 2*0 g/100 ml while pyruvate was 
found to s t imulate af la toxin synthesis a t 0*5 g/100 ml level 
(Buchanan and Ayres, 1977). 
Cyclic AMP and metabolism of asperg i l lus 
Cyclic AMP is ubiqui tous, occurring in animals, bacter ia 
and plants (Robison e t a l . , 1971; Wood et a l . , 1972; Brown and 
Newton, 1973). This compound mediates the effects of a variety 
of b io log ica l ly ac t ive metabolites l ike hormones (Robison e_t_ ajL., 
1971; Rickenberg, 1974). Giannatasio and Macchia (1973) 
suggested tha t in plants too, cycl ic .AMP mediates the effects 
of hormones. Cyclic AMP i s thought to play a ro le in the switch 
over from vegetat ive to non-vegetative functions depending on 
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the n u t r i t i o n a l cond i t i ons (Krishna Murfeu
 ? 1973; Gessat and 
Jqn tzen , 1974). 
In the l i f e cycle of Dic tyos te l ium discoideum, c y c l i c IMP 
has s i g n i f i c a n t r o l e s in aggrega t ion (Konijn e_t a l . , 1968), 
s t a l k formation (Bonner, 1970) and development (Garrod and 
Ashv/orth, 1973). In y e a s t e , c y c l i c AMP c o n t r o l s the sexua l 
cycle (Tsuboi and Yanagishima, 1973). Mathews and Ni^derpreum 
(1972) observed t h a t p r imord ia product ion inc reased in G op r in us 
lagopus when exogenous cyc l i c AMP was added. 
Cycl ic AMP i s s p e c i f i c a l l y involved in the growth and 
d i f f e r e n t i a t i o n of va r ious spec i e s of fung i . The e f f e c t s of 
c y c l i c AMP and/or c y c l i c GMP on d i f f e r e n t i a t i o n in eukaryotes 
have "been i n v e s t i g a t e d in Neurospora c r a s s a (Scot t and Solomon, 
1975), B l a s t o c l a d e l l a emersoni i (Silverman and E p s t e i n , 1975), 
Aspe rg i l lu s n i g e r (Wold and Suzuki , 1973), Physarium polycephalum 
(Lovely and T h r e l C f a l l , 1976), Gibhere l la zea (Wold and Mirocha, 
1977) and Monascus purpureus (Saruno e_t a l . , 1976). 
Cyclic AMP i s known t o r e g u l a t e the phenomenon of c a t a b o l i t e 
r e p r e s s i o n . Glucose i s the most e x t e n s i v e l y s t u d i e d compound 
a f f e c t i n g c a t a b o l i t e r e p r e s s i o n . This phenomenon of carbon 
c a t a b o l i t e r e p r e s s i o n occurs in b a c t e r i a , y e a s t s and a l s o moulds. 
In y e a s t , c y c l i c AMP and cAMP r e c e p t o r p r o t e i n appear to be 
involved in t h i s phenomenon (Van Wijk and Konijn, 1971; 
Sch landere r and Dellweg, 1974). In s e v e r a l mic rob ia l systems 
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glucose repression is mediated "by cyclic AMP (Pastan, 1972; 
Ullman, 1974), the intracellular level of cyclic .AMP being 
inversely related to the concentration of exogenous glucose 
added (Voichiek e_t al. , 1973; Schlanderer and Dellweg, 1974; 
Verma and Raizada, 1975)* Detroy et al. (1971) postulated that 
the phenomenon of catabolite repression, particularly glucose 
repression, could regulate aflat oxin synthesis by diverting 
acetyl CoA from the t-c-ttcycle to polyketide synthesise 
In yeast, exogenous cyclic AMP releases the organism from 
catabolite repression (Mahler and Lin, 1978) and this initiation 
of derepression may be because of an increase in the amount of 
intracellular cyclic AMP. Among the fungi, intracellular 
cyclic AMP levels have been detected in Aspergillus nidulans 
(Clutterbuck, 1975; Zonneveld, 1976), Aspergillus oryzae 
(Kurimoto e_t al., 1979), Aspergillus parasiticus (Applebaum and 
Buchanan, 1979) and in Neurospora crassa (Rosenberg and Pall, 
1978)* 
Clutterbuck (1975) observed a sharp decrease in cyclic AMP 
amount in Aspergillus nidulans during the early phase of growth. 
Zonneveld (1976) reported that deficiency of manganese 
affected cyclic AMP levels but not glucose. The levels of 
cyclic AMP in cells of Aspergillus oryzae grown on wheat, gram 
or a 50:50 mixture of defatted soybean and crushed wheat were 
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6-20 fold higher than those grown in glucose-peptone medium 
(Kurimotoe_t a l . , 1979). 
In .Aspergillus pa ras i t i cus higher levels of cyclic AMP 
existed in the exponential phase of growth while the levels 
decreased in the l a t e exponential phase of aflatoxin production 
(Applehaum and Buchanan, 1979). 
OBJECT AND SCOPE 01 THE PRESENT INVESTIGATION 
52 
Aflatoxins are sec cndary metaboli tes produced by 
Aspergil lus flavus and Aspergillus p a r a s i t i c u s , They are 
known to have toxic effect on almost a l l l iv ing species 
including human "beings. Tke intake of food ma te r i a l s , 
contaminated with a f la toxins i s reported t o cause l i v e r 
carcinoma in several surveys car r ied out in various par ts 
of the world. 
A* flavus and A. pa ras i t i cus under optimal conditions 
of high r e l a t i v e humidity (70-80 per cent) and temperature 
(20-3Q°C) a t tack most of the a g r i c u l t u r a l products and nau t ra l 
subs t ra tes l ike c e r e a l s , pu l ses , f r u i t s , vegetables , meat and
 y 
milk products,, Almost ten per cent of the world ag r i cu l tu ra l 
products are destroyed annually due to fungal invasions. In 
India,, and other developing and under-d eve loped count r ies , 
the percentage affeeted i s much higher because of poor 
ag r i cu l t u r a l technology and storage f a c i l i t i e s . Many s tudies 
have been undertaken in various labora tor ies t o develop 
methods for prevention of fungal growth. But the methods 
developed so far have not been found su i t ab le for use on 
commercial scale on economical ba s i s , ' 
There i s a great need to devise economically and commercially 
viable measures to control af la toxin formation to prevent the 
huge loss of food mater ia l due to fungal invasion. In order 
to achieve t h i s goal , i t i s e s s e n t i a l to e lucidate the steps 
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involved in af la toxin biosynthesis and the factors affect ing 
and regula t ing the process of af latoxin formation. 
I t i s known tha t s ine is involved in many metabolic 
pathways. Therefore, the invest igat ion of the ro l e of zine 
i f any, on the formation of af latoxin i s of foremost importance. 
For t h i s reason the amount of af la toxin synthesized was studied 
in synthe t ic (SLS) as well as in zinc de f ic ien t media. 
Cyclic AMP hag been reported to play a specif ic role during 
growth and d i f f e ren t i a t ion of fungal species . The amount of 
cycl ic AMP produced was monitored at d i f ferent stages of 
af la toxin production to study the regulatory effects of cyclic 
IMP on af la toxin syn thes i s . Cyclic AMP was estimated at 45 hrs 
which represents the exponential phase, a t 60 hrs representing 
t r a n s i t i o n a l phase, a t 75 and 96 hrs represent ing the 
s ta t ionary phase and at 120 and 144 h r s , the l a t e s t a t iona ry 
phase of growth. Aflatoxin is synthesized by the mycelium 
and i s secreted in to the medium. Therefore, the amount of 
cycl ic AMP has been determined in the fungus as well as in the 
cul ture medium. 
The regulat ion of af la toxin biosynthesis by cycl ic AMP 
was fa r ther studied by comparative monitoring of amount of 
cyc l ic AMP in Aspergil lus pa ras i t i cus s t r a in HR1L 3240 which 
produces af la toxin and in Aspergillus flayus NERL 3537 s t r a in 
which is not able to synthesize aflatoxin,, 
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In order to examine whether zinc i s a lso involved in 
the regula t ion of af la toxin biogenesis by cyclic IMP, the 
same was assayed in Aspergillus flavus as well as I spe rg i l lus 
pa ras i t i cus grown on SIS medium and a l so on the zinc def ic ien t 
medium. The enzyme adenylate eyclase is responsible for 
synthesis of cycl ic AMP from ATP. The a c t i v i t y of t h i s 
enzyme was s tudied a t d i f f e ren t s tages of growth of 
A. pa ras i t i cus as well as A, flavus in the SIS medium as well 
as the zinc def ic ien t medium respec t ive ly . Cyclic AMP 3 , » 5 ' -
phosphodiesterase i s the enzyme responsible for degradation 
of cyc l ic AMP in to 5' -.AMP. The a c t i v i t y of th i s enzyme was 
assayed in A. flavus IBM 3537 and A. pa ras i t i cus MRL 3240 
grown on SLS as well as on zinc de f i c i en t SIS medium at 
d i f fe ren t periods of growth. The detect ion of these enzyme 
a c t i v i t i e s and the amount of cyc l ic AMP in these two s t r a ins 
may explain the possible mode of regula t ion of af la toxin 
biosynthesis by cycl ic AMP. 
The fungal growth in various s t r a i n s can be inhibi ted by 
use of several ant ifungal agents* In order to see whether 
the ant ifungal agent i nh ib i t s A. pa ras i t i cus growth or 
af la toxin production, on antifungal agent, Tolnaftate was chosen 
for study. The effect of Tolnaftate a t concentrations of 
10-100 umoles on af la toxin production was inves t iga ted . 
f— f„. 
As af la toxin "biosynthesis takes place ¥ ia the p o l j -
14 
acetate pathway, the effeet of Tolnaftate on 1-C -ace ta te 
incorporation in to af la toxins was studied to see whether the 
pa r t i cu l a r antifungal agent inhibi ted the polyacetate pathway 
of biosynthesis of a f l a tox ins . 
Zinc sulphate s t imulates a f l a t oxin formation. The effect 
of Tolnaftate in combination with zinc sulphate was studied 
14. on 1-C -ace ta t e incorporation in to a f l a tox ins . Adenine 
nucleotides and metabolism are inter-dependent and therefore , 
the ef fect of adenine nuc leo t ides , ATP, ADP and AHP at 10, 50 
14 and 100 uM concentration on 1-C -ace ta te incorporation in to 
af la toxins was s tud ied . 
Cyclic nucleotides regula te metabolism in various micro-
organisms in d i f fe ren t ways. The effect of cycl ic AMP at 10, 
14 50 and 100 uM concentration on 1-C -aceta te incorporation 
in to af la toxins was studied to see i t s effect i f any on 
regulat ion of aflatoxin biogenesis by th i s cycl ic nucleotide. 
Methylation is one of the important steps involved in 
14 af la toxin b iosynthes i s . Methyl-C -methionine labels the 
methoxy group?- of a f l a tox ins . A deta i led study of methylation 
in a f l a tox ins , i s therefore , necessary and has been undertaken 
14 using methyl G -methionine and i t s incorporation in to 
af la toxins has been monitored. The optimal conditions for 
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methyl-C -methionine incorporation in to af latoxins have "been 
standardized. The effect of pH > resuspension of "buffer and 
1 A. 
time of incubation on methyl-C -methionine incorporation in to 
a f la tos ins was inves t iga ted , 
I t has "been postulated in the present work tha t methylation 
takes place in the af latoxin b iosynthet ic pathway before the 
cyel iza t ion of the polyketide chain. This pos tu la t ion has 
14 been made by analysis of comparative incorporation of 1-C -
acetate and methyl-C -methionine in to aflatoxins a t d i f fe ren t 
time i n t e r v a l s . This study has also provided an ins ight in to 
the k ine t i c s of af latoxin synthesis as well as the methylation 
s t e p . Further the ef fec t of parameters l ike trace elements, 
amino ac ids , t r i - ea rboxy l i e acid cycle in termedia tes , g lycolyt ic 
in termediates , carbohydrates and coenzymes on methyl-C -
methionine incorporation in to a f la tos ins has been carr ied out. 
This might give an ins igh t into the process of regulat ion of 
methylation. 
MATMIAIS AND METHODS 
57 
S t r a i n s used 
Aspe rg i l l u s p a r a s i t i c u s NRRL 3240 and Asperg i l lus f l a w s 
MRRL 3537 were used throughout in the s t u d i e s conducted. They 
were obtained from the Northern Regional Research Labora tory , 
P e o r i a , I l l i n o i s , U»S»A. 
Chemicals used 
To lnaf ta te ( an t i funga l drug) was obtained as a g i f t from 
Sober ing I n c . Pew J e r s e y , U9S«A. ATP, ADP, AMP, c y c l i c AMP, 
N - 0 2 - d i b u t y r y l c y c l i c AMP, d i t h i o t h r e i t o l , g l u c o s e , f r u c t o s e , 
g a l a c t o s e , .mal tose , l a c t o s e , s u c r o s e , r i b o s e , a r a b i n o s e , g lucose-
6-phosphate , f r u c t o s e - 1 , 6 - d i p h o s p h a t e , g lycera ldehyde-3-phosphor ic 
a c i d , p y r u v a t e , phosphoenol py ruva te , fumara te , mal ic a c i d , 
oxal a c e t i c a c i d , c i t r i c a c i d , a l p h a - k e t o g l u t a r i c acid and 
asparag ine were purchased from Sigma Chemical Company, S t . Louis , 
Mo., U.S9A9 S i l i c a Gel G was purchased from BDH Ind ia L t d . , 
Bombay. A l l other chemicals used were from BDH Ind ia L t d , , 
S„ Merck or from Biochemicals Uni t , Vallabhbhai P a t e l Chest 
I n s t i t u t e , Delhi and were of a n a l y t i c a l g rade . 
Rad iochemicals 
^ 14. 
IT c y c l i c AMP, 8-C -ATP and c y c l i c AMP assay k i t were 
purchased from the Radiochemical Cen t re , Amersham, U9Ze Sodium-
14 14 
1- C a c e t a t e and methyl-C -methionine were obta ined from Bhabha 
Atomic Research Cen t re , Trombay, Bombay, I n d i a . 
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Instrumentation 
i ) Thin layer chromatography (TIC) p la tes were prepared 
using a Shandon thin layer chromatography apparatus, 
i i ) Aflatoxin hands were detected on thin layer chromato-
graphy p la tes "by t h e i r f luorescence, using a long wave u l t r av io l e t 
lamp (UV Products I n c . , San Gabriel , California* U.S.A.) 
i i i ) Optical densi ty of af la toxins a t 363 nm was read in a 
Gilford Spectrophotometer, Model 128l/39 
iv ) Enzyme ex t rac ts were centrifuged "between 800 x g to 
20x1000xg on a IEG B-20A Centrifuge. 
v) Centrifugation of enzyme ext rac ts above 20,000xg were 
carr ied out on a Beckman 1„»65B u l t racen t r i fuge . 
v i ) Radioactive counts were determined in a l iquid 
s c i n t i l l a t i o n counter, Beckman IS-233 model. 
Maintenance of the culture 
"When storage for longer periods was required, spores of 
the fungal s t r a i n in question were t ransferred to so i l \jhich 
had been previously s t e r i l i z e d for f i f teen minutes a t fifteen 
lbs-per sq. inch pressure three to four times. These were stored 
in the cold room as stock cul ture and t ransferred to GPA (Glucose 
peptone-agar) s l an t s whenever required, 
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Culture media 
Media used in the s t u d i e s we're prepared as fo l lows . 
Glucose-peptone-agar medium (G-PA) as desc r ibed "by Raper and 
Fenne l l (1965) . Glucose 20 g, peptone 10 g and agar 20 g were 
d i s s o l v e d slowly in one l i t r e of double d i s t i l l e d wa te r , This 
suspension was hea ted in b o i l i n g water ba th for one hour and 
swi r l ed in between, in order to d i s p e r s e the agar e 
The t h i c k s o l u t i o n thus obtained was t r a n s f e r r e d t o t e s t 
tubes (approximately 5 ml each) and b o t t l e s (approximately 50 ml 
each) so as t o prepare GPA s l a n t s and b o t t l e s . These were plugged 
v/ith cot ton and s t e r i l i s e d a t 15 lb per sq„ inch p r e s su re for 
f i f t e e n minutes0 The tubes and b o t t l e s were kept in s l a n t i n g 
p o s i t i o n for some t i m e , t i l l the agar s o l i d i f i e d and then used 
for s u b c u l t u r i n g . 
S y n t h e t i c media. Two types of s y n t h e i c media were used in the 
course of these s t u d i e s , ( i ) Sucrose-low s a l t s medium (SIS) and 
( i i ) Z i n c - d e f i c i e n t SLS medium. 
Sucrose-low s a l t s medium (SIS) of Reddy e t al_. (1971) as modified 
by Gupta (1973) . The s y n t h e t i c medium (SIS) used in t h i s s tudy 
was composed of the fo l lowing components. Sucrose , 85 g; 
a s p a r a g i n e , 10 g; ( N H ^ S O ^ , 3.5 g; KHgPO^, 10 g; MgS04.7H20, 2 g; 
CaG.l2,2H20, 75 mg; ZnS0,o7H20, 10 mg; MhCl2.4H20, 5 mg; ammonium 
molybdate , 2 mg; Na^ILOr,, 2 mg; and FeSO.
 87EL0, 2 mg; made upto 
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1000 ml with double d i s t i l l e d wa te r , The pH of the medium 
was ad jus ted t o 4 0 5 wi th hyd roch lo r i c ae id 9 
Zinc d e f i c i e n t s y n t h e t i c medium. To prepare one l i t r e of medium, 
the fol lowing components were d i s s o l v e d in 600 ml of double 
d i s t i l l e d w a t e r . Sucrose , 85 g; a s p a r a g i n e , 10 g; KHpPO,, 10 g; 
(NH4>2S04, 3e5 g; MgS04»7H20, 2 g and CaCl2 e7H20, 75 mg. The pH 
was adjus ted to 7 . 0 , Then 5«0 g of chromatographic grade n e u t r a l 
alumina (Merck), washed a l r eady wi th double d i s t i l l e d wa te r , was 
added and t h i s suspension was steamed for 30 minutes* The contents 
were mixed we l l while hot and f i l t e r e d (Donald e t a l . , 1952). 
The remaining components of the z i n c - d e f i c i e n t SLS medium 
were then added as s a l t s o l u t i o n s t o t h i s f i l t r a t e , i . e . ZnSO,. 
7H20, 0o25 mg; MnGl2»4HpO, 5 mg; ammonium molybdate , 2 mg and 
sodium t e t r a b o r a t e (Na-B.O™), 2 mg. pH of the r e s u l t i n g s o l u t i o n 
was brought to 4s 5 with hydroch lo r i c ac id and then made up to a 
f i n a l volume of one l i t r e . 
Both the media were autoc laved a t 10 PSI for 15 minutes , 
P repara t ion of fungal inoculum 
Fungal spores of A. p a r a s i t i c u s ffiffiL 3240 and A. f lav us 
NRRL 3537 were i n i t i a l l y grown on GPA s l a n t s for 5-6 days a t 
27-30°C. Spores from the s l a n t s were then taken and inocula ted 
t o GPA b o t t l e s and grown for 5-6 days e F i f t een to twenty ml of 
s t e r i l e double d i s t i l l e d water was added to each b o t t l e and the 
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bo t t l e s were swirled properly to bring the spores into the 
water* The spore suspension from a l l the bo t t l e s was pooled 
in a s t e r i l e Erlenmeyer f lask and a uniform spore suspension 
ensured by thorough swirling* Pour ml of th i s spore suspension 
was added to each f l ask containing 100 ml of the s t e r i l e synthetic 
medium. This inoculum usually contained 3~ 3® 5 x 1 0 spores. All 
these procedures were carried out under s t e r i l e condi t ions. After 
inoculation the f lasks were kept in a constant temperature room 
a t 28°C to allow the fungus to grow. 
Harvesting of ce l l s (mycelium) 
The fungus was grown by incubating a t 28+1 °C as s ta t ionary 
or shake cu l tu res . After growing for the required number of 
hours or days, the medium and mycelium were separated by 
decanting the medium into a separate f lask , Mycelia were washed 
thoroughly with double d i s t i l l e d water and the washings were added 
to the f lask containing the medium. The medium was stored for 
af latoxin determination. The mycelium was freed of moisture by 
pressing in between folds of b lo t t ing paper and i t s wet weight 
was determined, A known amount of the wet (b lo t ted) mycelium 
was taken in a small s t a in l e s s s t e e l planchet and dried at 80°C 
in an oven to a constant weight. This gave the dry weight of the 
fungus. 
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Resuspension of the mycelium 
Res us pens ion experiments v/ere carried out with four days 
old cultures,, After growing the cul tures for 4 days, mycelium 
and medium were separated and mycelium was b lo t t ed , For studies 
on the incorporation of labelled compounds into a f l a tox in , a 
portion of the mycelium was added to bo i l ing tubes containing 
buffer and other components in addition to the label led compound. 
The resuspended mycelium was incubated for the r equ i s i t e periods. 
I t was then separated and used for aflatoxin estimation and 
r ad ioac t iv i ty determined by counting in a l iquid s c i n t i l l a t i o n 
counter., 
Extraction of af la toxins from medium and mycelium 
Medium. Aflatoxins were extracted from the medium and the 
washings obtained from the mycelium by shaking in a separat ing 
funnel with equal volume;- of d i s t i l l e d chloroform. This ex t rac-
t ion procedure was carr ied out t h r i c e , The chloroform extracts 
were pooled and dried over anhydrous sodium s u l f a t e . Sodium 
sulphate was f i l t e r e d off and the ext rac t was concentrated 
to a minimum volume under reduced pressure* This concentrate 
contained a l l the af la toxins present in the medium. 
Mycelium. The mycelium was ground with acid washed sea sand 
and chloroform in a mortar* I t was resuspended in 25 ml of 
chloroform for 3-4 hours, and then decanted in to another tube. 
G3 
This process was repeated three times and a l l the chloroform 
ext rac ts ( f i l t r a t e s ) were pooled together . The f i l t r a t e was 
then dried over anhydrous sodium sulfate and f i l t e r e d e The 
f i l t r a t e was concentrated to a minimum volume under reduced 
pressure . 
The dried chloroform ext rac ts of the medium and mycelium 
were made upto a known volume and preserved in deep freeze for 
est imating the a f l a tox ins . 
Thin layer chromatography (TLO) of Aflatoxins 
Thin layer chromatography p la tes 20x 20 cm were coated with 
s i l i c a gel G to a thickness of 300 u according to the method 
of Abramson and Blecher (1964). The p la tes were l e f t to dry 
a t room temperature and then act ivated for one hour a t 110°C 
in an oven. About 3 cm wide lanes were marked on the p l a t e s , 
so tha t one whole p la te was divided in to 5 or 6 lanes e 
A known volume of the chloroform ext rac t of medium or 
mycelium was then applied as a fine streak 2 cm above the 
bottom of the p la te with a micropipette9 These chromatoplates 
were f i r s t developed with solvent e ther , which moved with the 
solvent front and eliminated the pigments. Then, the plates 
were a i r dried and developed in a presaturated glass chamber 
containing a solvent system composed of toluene : isoamyl alcohol : 
methanol (90:32*3, v /v /v) ; ;Reddy e t a l . , 1970) 
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Estimation of af la toxins 
After the sol-vent front had reached the top of the p l a t e , 
the p la te was taken out, a i r dried and viewed under a long wave 
u l t r a v io l e t lamp (UV L21 ) and the individual af latoxin "bands 
were marked,, The f luorescent hands were scraped and eluted 
three times with methanol* All the eluates were pooled, made 
upto a known volume and t h e i r op t ica l densi ty was read at 363 nm 
in a Gilford Spectrophotometer Model 1231/3, using methanol as 
"blank. 
The amount of aflatoxin present in the sample concerned 
(spotted) v/as calculated using the following formula: 
Optical density x factor x eluant 
*„, J. -C- „^O4.„„,-V, volume x or ig inal volume of the 
Amount of af la toxin = , n „ t>, , 
chloroform ex t rac t 
Volume of chloroform ext rac t 
spotted 
where the values of the factor for d i f f e ren t af la toxins are as 
follows j 
Aflatoxin Factor 
B1 
B 2 
&1 
The factors used in the above formulae were calculated from 
the extinction coefficients of the aflatoxins (NabCney and 
Nesbitt, 1965)* As the amounts of aflatoxins B9and G9 were 
He ,16 
13.42 
17. 
15, 
,54 
,71 
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very low, af la toxins B1 and B? were estimated together as 
aflatoxin B and af latoxins G^  cand Gp were estimated together 
as af latoxin G, Using the factors for B^  and G1 respec t ive ly . 
Measurement of r ad ioac t iv i t y incorporated into af la toxins 
After the af la toxins had been extracted and resolved as 
described above, the af latoxin bands were scraped off and added 
to s c i n t i l l a t i o n v i a l s containing 10 ml of toluene-based 
s c i n t i l l a t i o n f luids The s c i n t i l l a t i o n f^ Luid was composed of 
4 g of 2,5-diphenyl oxazole (PPO) and 200 mg of 1 ,4-bis-2-(5-
phenyloxazolyl)-benzene (POPOP) in one l i t r e of toluene. 
Radioact ivi ty incorporated was measured in a Beckman liquid 
s c i n t i l l a t i o n counter LS-233. 
Aflatoxin production on sucrose low s a l t s medium and z inc-
def ic ien t medium at d i f fe ren t hours of growth. 
Aspergillus pa ras i t i cus was grown on SLS and zinc def ic ien t 
SLS medium for d i f ferent periods* After 45, 60,75, 96, 120, 144 
and 192 hours of growth, mycelium and medium were separated and 
aflatoxin was determined in medium as well as the mycelium. 
Estimation of cycl ic AMP 
Cyclic AMP was measured according to the competitive protein 
binding technique using the k i t provided by the Radiochemical 
Centre, Amersham, U.K. and according to the procedure described 
by Tovey et a l . ( l 9 7 4 ) . 
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Preparation of ex t rac t for cyclicAMP estimation in mycelium 
In mycelium, cycl ic IMP was extracted according to the 
procedure described by Zonneveld (1976). At desired time 
in te rva l s the mycelial mat was removed from the f lask and the 
same weight of cold 0o2 M FC1 was added. The fungus was crushed 
to a fine s lu r ry in a precooled mortar. The s lur ry was made to 
10 ml with cold 0.1 M HOI and heated for 5 minutes in boi l ing 
water. I t was then centrifuged a t 4000 rpm for 5 minutes and 
the supernatant was adjusted t o pH 6.4 with Tris-EDTA solution 
(Tris 18 g/L + EDTA 3 g / 1 ) . The p e l l e t was used t o determine 
the dry weight of the mycelium. The ex t rac t was stored in deep 
freezer i f not used immediately. The ex t rac t was brought to 
pH 7.4 with the same t r i s EDTA mixture and cyclic AMP estimated 
by the competitive protein binding technique, 
Extract for cycl ic AMP in medium 
For the extract ion of cAMP in medium the procedure of Hylemon 
and Phibbs (1974) v/as adopted. One ml of 1 M BaCl2 was added to 
2 ml of the cul ture fluid so as to p r e c i p i t a t e phosphate from 
the medium and was centrifuged at 10,000 x g for 5 minutes. 
The supernatant was heated in boi l ing water bath for 5 minutes, 
ch i l l ed and i t s pH was adjusted to 7.5 with Tris-EDTA (Tris 
18 g/L + EDTA 3 g / l ) . I t was recentrifuged and the supernatant 
was used for cycl ic AMP est imat ion. 
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Assay procedure for de te rmina t ion of c y c l i c AMP 
Cycl ic AMP was assayed as desc r ibed by Tovey e_t a l . (1974). 
Total volume of 0*2 ml of assay mixture contained 50 u l of 50 mM 
Tris-HCl buf fe r (pH 7«5 con ta in ing 4 mM EDTA); 50 u l of t r i t i a t e d 
c y c l i c AMP (Spec i f i c a c t i v i t y 25®5 ci /mmole) ; 50 u l of s tandard 
c y c l i c AMP (1 t o 16 picomoles per t ube ) and 100 u l of b inding 
p r o t e i n . Two tubes were a l s o run in p a r a l l e l for de termining 
b lank counts pe r minute for the a s s a y , c o n t a i n i n g 150 u l of 
buf fe r and 50 u l of l a b e l l e d c y c l i c AMP "but no s t andard cyc l i c 
AMP and b ind ing p r o t e i n . Contents of a l l t hese tubes were mixed 
by s w i r l i n g w e l l . 
Then incuba t ion was c a r r i e d out a t me l t ing ice temperature 
(0-4°C) fo r 120 minutes . After i n c u b a t i o n , the f ree n u c l e o t i d e 
(unbound) was removed by t r ea tmen t with 100 u l of the cha rcoa l 
suspension composed of 10 ug of a c t i v a t e d charcoa l /100 u l of 
50 mM Tris-HCl b u f f e r , pH 7®5 con ta in ing 2 per cen t bovine serum 
albumin as desc r ibed by Brown e t a l . (1971). Al l the tubes were 
swi r l ed w e l l . Then not more than 6 minutes a f t e r a d d i t i o n of 
charcoa l suspens ion , t h e s e tubes were cen t r i fuged a t 5000 x g 
for 10 minutes a t 4 °C. A 200 u l of the supe rna tan t was taken 
d i r e c t l y from these tubes for count ing in 10 ml of Brays f l u i d 
(Bray, 1960)e Co/Cx va lues were obtained in t h i s way, where Co 
r e p r e s e n t s b ind ing a t 0 l e v e l of cAMP and Cx r e p r e s e n t s b inding 
FIGURE 2. STANDARD CURVE FOR THE ESTIMATION OP 
CYCLIC AMP. 
CPM /CPM i s the r a t i o of CPM in zero c o n c e n t r a t i o n 
tube t o ^he CPM in exper imen ta l t u b e . 
Assay mixture (0.2 ml) con ta ined Tris-HCl b u f f e r , 
pH 7 . 5 , 50 mM c o n t a i n i n g 4-mM BDTA; 08 9 picomoles of 
( 8 - 3 H ) c y c l i c AMP (Speci f ic^ 'ac t iv i ty=27«5 Ci/mmol), the 
b ind ing p r o t e i n and un labe l l ed cyc l i c AMP (1 t o 16 
p i comoles ) . Eree n u c l e o t i d e s were removed by c h a r c o a l t r e a t m e n t . 
The r e s u l t s p resen ted are the average of two s e p a r a t e 
experiments c a r r i e d out in d u p l i c a t e , 
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a t known or unknown cAMP l e v e l s . Co/Cx values were calculated 
for a l l the samples. A standard curve was plot ted with amounts 
of standard cyclic AMP (1-16 picomoles) on the X-axis and t h e i r 
corresponding Co/Cx values on the Y axis (Figure 2 ) . Then the 
amount of cyc l ic M? in the unknown sample was read from the 
standard curve. All assays were carried out in duplicate and 
mean of two readings was taken. Bray's f luid consisted of the 
following components: 60 g napthalene, 4 g PPO, 0,2 g POPOP, 
100 ml methanol, 20 ml of ethylene glycol and 1,4-dioxane made 
to a f i n a l volume of one l i t r e . 
Adenylate cyclase (ATP pyrophosphate lyase (cycl iz ing) 
EC 4 .6 .1 .1 ) 
Preparation of enzyme e x t r a c t s . Enzyme ex t rac t was prepared 
as described by Wold and Suzuki (1974). The ex t rac t ing buffer 
was composed of 0«1 M tris(hydroxymethyl) aminomethane-HCl 
(Tris-HCl) pH 8.0, 0.1 mM MgCl2, 0,1 mM d i t h i o t h r e i t o l and 20 
per cent g lyce ro l . 
One gram of mycelial mat was collected a t ce r t a in in te rva l s 
from the cul ture and was ground to a fine powder with sea-sand 
and equal volume of extract ion buffer in a dry ch i l l ed mortar. 
The crushed c e l l suspension was centrifuged a t 300 x g for 10 
minutes. The p e l l e t was washed in 10 ml of extract ion buffer 
and centrifuged again at 800 x g. The two supernatants were 
combined. The p e l l e t was suspended in 8 ml of extract ion buffer 
and designated as the 800 x g p e l l e t ; i t v/as presumed to represent 
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the fract ion containing c e l l walls and membranes• The 800 x g 
supernatant was fur ther centrifuged a t 17000xg for 10 minutes. 
The small p e l l e t was washed with 5 ml of extract ion buffer and 
centrifuged again for 10 minutes at 17000xg. The p e l l e t was 
resuspended in 3 ml of extract ion buffer and designated as the 
17000xg pel le t* I t was presumed to represent the mitochondrial 
f rac t ion . 
The I7 ,000xg supernatant was further centrifuged for one 
hour a t 200^000xg in a Beekman ul t racentr i fuge and the p e l l e t 
was resuspended in 3 ml of extract ion buffer** All these 
procedures for preparing crude enzyme ext rac ts were carr ied out 
a t 1-4 °C. The various f rac t ions obtained were assayed for 
adenylate cyclase a c t i v i t y . 
Enzyme assays 
Adenylate cyclase was assayed as described by Wood et a l . 
(1972). The react ion mixture consisted of 100 ul assay buffer, 
40 ul (814C)ATP (105 cpm per assay) and 200 u l of enzyme 
so lu t ion . The assay buffer was composed of 0® 15 M Tris-HCl 
(pH 7 .6 ) , 15 mM MgCl2, 30 mM. NaP and 3 mM d i t h i o t h r e i t o l . 
The react ion was carried out for 30 minutes a t 30°C. After the 
incubation, the react ion was terminated by boi l ing for 3 minutes. 
After termination of the r eac t ion , 50 ul of 1M ZnSO. and 50 ul 
of 1M Na^CO- were added to the asssy tubes, then the contents 
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were mixed well and allowed to stand for one hour while the 
p rec ip i t a t e formed^ The tubes were then eentrifuged a t 
5000 x g for 10 minutes and the supernatant was careful ly removed. 
Cyclic AMP and ATP (each 0.1 umole) were added to the supernatant 
as ca r r i e r s and markers and 50 ul of the mixture were spotted on 
s i l i c a gel & p l a t e s . Thin layer chromatography was carried out 
using the solvent system composed of isopropanol % ammonium 
hydroxide .-water (7 :1 :2 , v /v /v ) s The nucleotide spots were 
located under u l t r a v i o l e t l i g h t , scraped off the p l a t e , put into 
s c i n t i l l a t i o n v i a l s with 10 ml of toluene based s c i n t i l l a t i o n 
f luid and counted in Beckman l iquid s c i n t i l l a t i o n counter. 
Cyclic AMP phosphodiesterase (3 ' -5 ' - cyc l i c AMP : 5 ' -nucleot ido-
hydrolase, EC 3 ,1 .4 .17) . 
Preparation of enzyme e x t r a c t s . Preparation of the enzyme 
ex t rac t was carr ied out as described by Wold and Suzuki (1974). 
Extraction buffer consis ted of 0.1 M tr is-HCl buffer , pH 8.0, 
containing 0.1 mM d i t h i o t h r e i t o l . Fresh mycelia (1 g) was 
ground in to a thick s lu r ry with sea sand and equal volume of 
extract ion buffer and then suspended in 10 volumes of extraction 
buffer . This th ick c e l l suspension was centrifuged at 43,000 x g 
for 30 minutes and the supernatant was used for the enzyme assay. 
Assay of the enzyme (Cyclic AMP-phosphodiesterase) 
Cyclic AMP phosphodiesterase was assayed by a modification 
of the method of Butcher and Sutherland (1962). The reaction 
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mixture c o n s i s t e d of 50 mM Tris-HCl b u f f e r , pH 7 . 5 ; 7® 5 mM 
MgCl2; 2,5 mM c y c l i c AMP; Cy(3H)AMP (100,000 cpm per a s say) and 
enzyme to a f i n a l -volume of 200 u l . 
The r e a c t i o n mixture was incubated a t 30°C for 15 min. 
i t the end of incuba t ion per iod 20 u l of c r o t a l l u s a t rox ( r a t t l e 
snake venom) (100 ug/10 u l ) was added and the incuba t ion continued 
for another 10 min, a f t e r which the r e a c t i o n was s topped by 
immersing the tubes in a b o i l i n g water bath for one minute, 
This s t e p caused the conversion of a l l the AMP t o adenos ine . 
After t e r m i n a t i o n of the r e a c t i o n , 20 u l of adenosine (0„1 umole/ 
5 u l ) was added as c a r r i e r 8 Out of t h i s a sample of the mixture 
was s p o t t e d on Whatman No.1 paper*, Descending paper chromato-
graphy was c a r r i e d out for 21 hours in a s o l v e n t system composed 
of 1,0M ammonium a c e t a t e , pH 7»2 and 95 per cen t e thano l ( 2 ; 5 , 
v / v ) . Then the spot cor responding t o adenosine was loca ted 
under low range u l t r a - v i o l e t lamp* This spo t was cu t out of 
the paper s t r i p , i n t o small p ieces and placed in s c i n t i l l a t i o n 
v i a l s „ To these v i a l s , 10 u l of to luene based s c i n t i l l a t i o n f l u i d 
was added and r a d i o a c t i v i t y determined by count ing in a Beckman 
s c i n t i l l a t i o n coun te r . 
Est imat ion of p r o t e i n 
P r o t e i n was es t imated in a l l the enzyme e x t r a c t s by the 
method of Lowry et_ a l . (1951). The r e a g e n t s used in t h i s method 
were as f o l l o w s : 
A - 2 per cent Na2C05 in 0,1 N NaOH 
B {i)1 per cent CuS04a5H20 
( i i ) 2 per cent sodium potassium t a r t a r a t e 
C - 085 ml of each of B ( i ) and ( i i ) were mixed and added 
to 50 ml of A 
D - Folins reagent 
Procedure. To 1 ml of protein so lu t ion , 5 ml of reagent C, 
was added and mixed wel l . After 10 minutes, 095 ml of reagent 
D was added rap id ly , mixed and allowed to stand at room 
temperature for 30 minutes in darke Colour was read a t 750 nm 
i f protein concentration was less than 25 ug and at 500 nm 
i f i t was above 25 ug» 
Effect of Tolnaftate on a f l a t ox in production 
Various concentrations of Tolnaftate (10 to 100 umoles) 
were added to each f lask (500 ml) containing 100 ml of SLS media 
under as jep t ic condi t ions . The f lasks were inoculated with spores 
of A. pa ras i t i cus and incubated a t 28+1 °G for 8 days. At the 
end of the incubation period, the aflatoxin in media and mycelia 
were estimated separa te ly "by ex t rac t ing with chloroform as 
described e a r l i e r . 
-14. Effect of Tolnaftate on 1- ^"C-acetate incorporation in to aflatoxin 
and effect of zinc sulphate on the system. 
A. pa ras i t i cus MRL 3240 was grown at 28+1 °C as s ta t ionary 
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cultures for 4 days on SLS medium. The mycelium and medium 
were separated* Mycelium was washed with cold double d i s t i l l e d 
water, thoroughly blot ted and dr ied . Then in 100 ml Erlenmeyer 
flasks in a t o t a l -volume of 10 ml, the following const i tuents 
were added; 0,02 M phosphate buffer, pH 6*0, 10, 50 and 100 umoles 
of Tolnaftate and 1uCi of 1-C -ace ta te with a specif ic ac t i v i t y 
of 4,,68 mCi/mmole. One gram of mycelium was added to each of 
these flasks and the f lasks in turn were incubated a t 28+1 °0 
for 2 h r . 
In experiments with zinc sulphate in combination with 
Tolnaftate, the required amount of Tolnaftate and zinc sulphate 
were added. Thus the const i tuents present in th i s case in a 
t o t a l -volume of 10 ml were 0e02 M phosphate buffer„ pH 6,0, 
10, 50 and 100 umoles of Tolnaftate , 1 mM and 10 mM ZnSO. and 
1 uCi of 1- x - a c e t a t e with the same specif ic a c t i v i t y . After 
the incubation per iod, af la toxins were extracted from the 
mycelium as described earlier,*, Aflatoxin content and 
r a d i o a c t i v i t y incorporated' into mycelial af latoxins were 
estimated as already described. 
14 Effect of adenine nucleotides and cyclic IMP on 1- C-acetate 
incorporation in to aflatoxins 
One gram of 4 days old mycelium was suspended in 10 ml of 
s c i n t i l l a t i o n cock ta i l in a 100 ml Erlenmeyer f lask . The 
cockta i l consisted of 0.02 M phosphate buffer (pH 6*0), 10, 
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50 and 100 uM ATP, ADP, AMP and cyc l ic AMP plus 1 uCi of 
1-C -ace ta te (specif ic ac t iv i ty = 4868 mCi/mmole). Other 
experimental d e t a i l s were exactly the same as described e a r l i e r . 
Effect of pH of buffer on methyl-1-C -methionine in c or p or at ion 
into aflatoxins 
Phosphate buffer 0e02 M of d i f ferent pH ranging from .5 
to 7.5 was used for resuspension experiments*, One gram of 4 
days old mycelium was taken, washed, b lo t ted and resuspended in 
1A buffers of different pH containing one uCi of methyl-1-C ' -
methionine® This resuspension system was incubated at 28+^ 1 °C 
for two hours on'a metabolic shaker. After the incubation 
af latoxin content and r a d i o a c t i v i t y incorporated were determined. 
14 Effect of time on me thy 1-1-C methionine incorporation into 
af la toxins 
One gram of 4 days old mycelium was added to a resuspension 
system composed of 0®02 M phosphate buffer, pH 6.5 and one 
14 microcurie of methyl-1-C -methionine. This cock ta i l was 
incubated a t 28+1 °C for d i f fe ren t time in te rva l s ranging from 
one minute to 6 hourse At the end of incubation period, aflatoxin 
content and r ad ioac t i v i t y incorporated were determined af ter 
stopping the react ion. 
Comparative incorporation of 1-C -ace ta te and me thy 1-C -
methionine into af la toxins at d i f ferent time periods 
Fungus was grown for 96 hours on SIB medium. Then mycelium 
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was washed and b lo t t ed . One gram of mycelium was suspended 
14 in 10 ml of 0eQ2 M buffer , pH 6*0 containing 1 uCi of 1-0 -
aceta te for di f ferent time in te rva l s to study the amount of 
acetate incorporated a t d i f fe ren t per iods. For detect ing 
methyl-C -methionine incorporation into a f l a tox ins , one gram 
of mycelium was resuspended in 10 ml of 0*02 M phosphate buffer, 
14 pH 695 containing 1 uCi of methyl-C -methionine. 
The two batches were incubated a t 28+1 °C for d i f fe ren t time 
in te rva l s ranging from 5 min to s ix hours. At the end of the 
incubation period, mycelium was extracted for aflatoxin and 
counting of r a d i o a c t i v i t y . 
Effect of t race metals on methyl-C -methionine incorporation 
in to af la toxins . 
Aspergillus pa ras i t i cus NRRL 3240 was grown for 96 hours 
as s t a t ionary cul tures on SIS medium a t 28+1°C. One gram of 
fungus was suspended in 10 ml of s c i n t i l l a t i o n cockta i l in 
boi l ing tubes. The cockta i l consisted of O«,02 M t r is -maleate 
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buffer (pH 6,5) and one microcurie of methyl-C -methionine. 
To t h i s , t race elements l ike ferrous sulphate , n ickel chloride 
manganese chlor ide , ammonium molybdate, sodium bora te , copper 
sulphate , magnesium sulphate , calcium chlor ide , barium ace ta t e , 
arsenic ch lo r ide , strontium chlor ide , l i thium chlor ide , lead 
ace ta t e , cobalt ch lor ide , uranyl sulphate , selenium oxide, 
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bismuth-n i t ra te , stannous ch lor ide , mercuric chlor ide , and 
molybdic acid were added a t 100 uM concentrat ion. After 
incubation for one hour a t 28+1 °C the mycelium was extracted 
for af la toxin and r ad ioac t i v i t y counted. 
Effect of amino-acids on me thy 1-1-0 -methionine incorporation 
in to af latoxins 
After 4 days of growth, the fungi were washed, b lot ted and 
one gram of mycelium was suspended in a cock ta i l of 10 ml. This 
cockta i l was composed of phosphate buffer , 0e02 M (pH 6 . 5 ) , 
100 uM concentration of amino acids and one microcurie of 
1 A 
methyl-0 -methionine. The amino acids used were g lyc ine , va l ine , 
L-cysteine, i so leuc ine , methionine, h i s t i d i n e , arginine hydro-
chlor ide , phenyl a lan ine , tryptophan, aspar t ic ac id , threonine, 
asparagine, glutamic acid and se r ine . After incubating the 
mixture for one hour a t 28_H°C, the a f l a t ox ins were extracted 
and the r a d i o a c t i v i t y incorporated was counted. 
Effect of t r i -ca rboxyl ic acid cycl ic intermediates on methyl-C -
methionine incorporation in to af la toxins 
One gram of 96 hours old mycelium was suspended in a t o t a l 
volume of 10 ml containing phosphate buffer , 0a02 M (pH 6.5) 
14 
1 uOi of methyl-C -methionine and t r i ca rboxyl ic acid cycle 
intermediates in the range of 10 mM and 50 mM respec t ive ly . 
The t r i ca rboxy l i c acid cycle intermediates used, included 
oxalacetic ac id , a lpha-ke to-g lu ta ra te , fumaric ac id , c i t r i c 
acid and malic acid. 
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The incubation was carr ied out a t 28+1 °C for one hour and 
af la toxins were separated and counted for r ad ioac t i v i t y as already 
described. 
14 Effect of carbohydrates an methyl-C ^methionine incorporation 
in to af la toxins 
Aspergillus pa ra s i t i cus NRRL 3240 was grown for 96 hrs on 
SLS. medium at 28+1 °C. One gram of th i s mycelium was suspended 
in 10 ml of resuspension system composed of phosphate buffer, 
i A 
0„02 M (pH 6 e 5) , one microcurie of methyl-C -methionine and 
the concerned hexoses, pentoses and disaecharides in the concentra-
t ion range of 0e5 mM to 10 mM. The carbohydrates added were 
glucose, f ructose , ga lac tose , mannose, sorbose, sucrose, l ac tose , 
r ibose and arabinose» Incubation was carr ied out for one hour 
a t 28£1 °0 and the amount of a f l a t ox in formed was extracted and 
r ad ioac t i v i t y determined, 
14 Effect of g lycolyt ic intermediates on methyl-C -methionine 
incorporation into af la toxins 
One gram of 96 hrs old mycelium from A. paras i t i cus NRRL 
3240 was resuspended in a 10 ml resuspension system. The 
resuspension system was composed of phosphate buffer , 0S02 M 
1 A (pH 6 S 5) , 1 uCi of methyl-C -methionine and glycolytic 
in termediates , a t d i f f e ren t concentrations ranging from 0,1 mM 
to 1,0 mM. The g lycoly t ic intermediates studied included 
D-glucose-6-phosphate , D-fructose-Mf|Vs%hate
 r
Lli&i^^se-^ , 6 -
9 *' ' . / • „ - . rv ^ 
%. ^3&7if 
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d iphospha t e , phospho-enol p y r u v a t e , 3-phosphoglyeer ie ac id 
and pyruvate r e s p e c t i v e l y . Af ter incuba t ion a t 28+1 °C for 
cMoKofcrm 
one hour , the r e a c t i o n was stopped "by adding n'\^,l-A, the 
a f l a t o x i n s were e x t r a c t e d and r a d i o a c t i v i t y counted in a 
l i q u i d s c i e n t i l l a t i o n c ounter . 
14 Effec t of FAD and methionine s u l f o x i d e on methyl-C -methionine 
i n c o r p o r a t i o n i n t o a f l a t o x i n s 
A s p e r g i l l u s p a r a s i t i c u s MRRL 3240 was grown on SLS medium 
a t 28+1°C fo r 4 days . The mycelium and medium were s e p a r a t e d . 
Mycelium was washed and "blotted» One gram of mycelium was then 
added t o 10 ml of r e suspens ion b u f f e r . This volume of 10 ml 
of r e suspens ion bu f fe r conta ined phosphate b u f f e r , 0,02 M 
1A 
(pH 6 ,5 ) one uCi of methyl-C ^-methionine ( s p e c i f i c a c t i v i t y = 
27»5 mCi/mmole) and methionine sulphoxide and PAD a t var ious 
c o n c e n t r a t i o n s in the range of 0.1 to 10 mM. This system was 
incubated for one hour a t 28+1°C followed by e x t r a c t i o n of 
mycelium fo r a f l a t o x i n s and de t e rmina t ion of i nco rpo ra t i on of 
r a d i o a c t i v i t y i n t o a f l a t o x i n s e 
RESULTS 
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Work car r ied out during the course of th i s study i s 
presented as follows. 
Aflatoxin production on sucrose low s a l t s medium (SLS) and 
z inc-def ic ient SLS medium at d i f f e ren t hours of growth Iby 
Aspergillus pa ras i t i cus MRB.L 3240 
The amount of af latoxin was estimated at 45 hours, 
represent ing exponential phase, 60 hours, the t r a n s i t i o n a l phase, 
75 and 96 hours corresponding to the s t a t ionary phase and at 
120 and 144 hours represent ing the l a t e s t a t ionary phase 
respec t ive ly . Aflatoxin production as well as mycelial growth 
were lower in z inc-def ic ien t medium as compared to tha t on SLS 
medium at a l l the hours studied (Table 1 and 2 ) . I t was 
observed tha t maximum aflatoxin was formed in the s ta t ionary 
phase of growth in both the media. In the z inc-def ic ient 
medium, there was a marked decrease in the mycelial af latoxin 
leve ls a t the corresponding growth periods and most of the 
af la toxins were present in the media (Table 2 ) . However, in 
the SLS medium aflatoxin levels were nearly equal or more in 
the mycelium as compared to the medium. 
Estimation of cyclic AMP in Aspergillus paras i t i cus ERRL 5240 
and Aspergillus flavus MRRL 5537 on SLS and z inc-def ic ien t SLS 
medium 
On SIS medium i t was found tha t the l eve l of cycl ic AMP 
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FIGURE 3 . AMOUNT OP CYCLIC AMP FORMED ON SUCROSE LOW SALTS 
MEDIUM. 
Cyclic AMP was measured accord ing t o the compet i t ive 
p r o t e i n "binding t echn ique us ing the k i t provided by 
the Radiochemical Cen t r e , Amersham, U9K. and as 
desc r ibed by Tovey e_t a l . (1974) . 
The assay mixture (0 .2 ml) conta ined Tris-HCl b u f f e r , 
pH 7 . 5 , 50 mM con ta in ing 4 mM EDTA; 0*9 picomoles of 
t r i t i a t e d c y c l i c AMP, unknown sample and b ind ing p r o t e i n . 
Free n u c l e o t i d e s were removed by cha rcoa l t r e a t m e n t , 
R a d i o a c t i v i t y was measured and CPM0/CPM^X was c a l c u l a t e d 
for each unknown sample. Then amount of c y c l i c AMP was 
read from the s t andard curve (Figure 2 ) . 
The va lues p resen ted are the average of two s e p a r a t e 
experiments performed in t r i p l i c a t e . 
0 -0 : amount of c y c l i c AMP produced by Aspe rg i l l u s 
p a r a s i t i c u s NRRL 3240 
0— —0 : amount of c y c l i c AMP produced by A. f lavus, 
NRRL 3537 
0 , o : amount of a f l a t o x i n formed in mi l l ig ram 
FIGURE 4 . AMOUNT OF CYCLIC AMP FORMED IN ZINC DEFICIENT 
SLS MEDIUM. 
Cyclic AMP was e s t ima ted as desc r ibed in F ig . 3 . The va lues 
presented a re the average of two s e p a r a t e experiments run 
in t r i p l i c a t e . 
0 - 0 : amount of c y c l i c AMP produced by A. 
p a r a s i t i c u s NRRL 3240 
0- 0 : amount of c y c l i c AMP produced by A. f l avus 
NRRL 3537 
0 0 : amount of a f l a t o x i n formed in mi l l i g ram 
82 
ranged from 4 nanomoles to 113 nanomoles in A. paras i t i cus 
on 100 ml of the synthe t ic medium. There was a marked 
increase in cycl ic AMP leve l from 45 to 60 hours. The value 
of cyclic AMP detected at 60 hours was near ly 2.4 times the 
value detected a t 45 hours. The l eve l of cyclic AMP was found 
to eome down abruptly a t 75 hours , thereaf ter increasing gradua 
a t 96, 120 and 144 hours respec t ive ly (Pig, 3 ) . In A. flavus 
HRKL 3537 the non-toxic s t r a i n , cycl ic AMP levels were found 
to be between 9 nanomoles to 15 nanomoles respect ively on SIS 
medium. The levels detected were found to be approximately 
the same a t 45, 75 and 96 hours, increased at 60 hours but 
decreased at 120 hours r i s i n g again at 144 hours (Pig. 3)« 
Levels of cycl ic AMP as detected in z inc-def ic ient medium 
have been presented in Pig. 4e In A, pa ras i t i cus the levels 
ranged from 5 nanomoles to 150 nanomoles. The cyc l i c AMP level 
a t 60 hours was double of tha t observed a t 45 hours . leve l 
of cyc l ic AMP was found to come down a t 75 hours , gradually 
increasing the rea f t e r . 
In A. flavug the non-toxic s t r a i n , cycl ic AMP level lay 
between 15 to 50 nanomoles per 100 ml of z inc-def ic ient SLS 
medium. Cyclic AMP leve l was high at 45 hours , thereaf te r 
decreasing, being approximately the same at 60, 75 and 96 hours 
again 
decreasing further a t 120 hours being.elevated a t 144 hours . 
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Table 3. 
SPECIFIC ACTIVITY OF ADENYLATE CYCLASE IN VARIOUS CELL FRACTIONS 
OF ASPERGILLUS PARASITICUS NRRL 3240 AND ASPERGILLUS FLAVUS NRRL 
3537 ON SL3 MEDIUM. 
Asperg i l lu s p a r a s i t i c u s NRRL 3240 ( t o x i g e n i c ) as v/ell as 
Aspe rg i l l u s f l ay us NRRL 3537 (nontoxigenic ) were grown as 
s t a t i o n a r y c u l t u r e a t 28+1 °C for four days on s u c r o s e - l o w - s a l t s 
medium. P r e p a r a t i o n of m y c e l i a l e x t r a c t s was c a r r i e d out as 
descr ibed by Wold and Suzuki (1974) . The e x t r a c t i n g buf fe r 
composed of 0,1 M "fris-HCl buf fe r (pH 8.0), 0.1 mM Mg0l2, 0S1 mM 
d i t n i o t h r e i t o l and 20 per cen t g l y c e r o l . Measurement of enzyme 
enzyme a c t i v i t y was c a r r i e d out as desc r ibed by Wood £ t a l . 
(1972) . The assay mixture c o n s i s t e d of 0.15 M Tris-HCl TpH 7.6) 
15 mM MgCl2, 30 mM NaF and 3 mM d i t n i o t h r e i t o l . The d e t a i l s 
of the procedure adopted has been given in ' M a t e r i a l s and Methods 
The va lues r e p r e s e n t e d a re average of t h r e e s e p a r a t e experiments 
run in t r i p l i c a t e . 
S p e c i f i c 
P o l l -FT—in + i n n ... AJ-I-T 
VjU-L-L H u t li-LUU — . . — , . . 
Asp< 
800 x g p e l l e t 
17000 x g p e l l e t 
200,000 x g s u p e r n a t a n t 
200,000 x g p e l l e t 
a c t i v i t y as • 
formed/min/mg 
nanomoles of c y c l i c 
p r o t e i n 
s r g i l l u s p a r a s i t i c u s 
3,0 
67.66 
2.41 
45.65 
Asperg i l lus 
f lavus 
6 .3 
40.98 
0.14 
6.42 
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Specific ac t iv i t .v 5 of adenylate cyclase in various c e l l 
f rac t ions of Aspergil lus pa ras i t i cus HRRL 5240 and Aspergillus 
f la tus HBRL 3557 on SIS Medium 
Adenylate cyclase a c t i v i t y was detested in various c e l l 
f rac t ions in A. p a r a s i t i c u s . the toxic s t r a i n as well as in 
A. f la tus the non-toxic s t r a i n . Cell f ract ions studied were 
those obtained as 800xg p e l l e t , 17,000xg p e l l e t , 200,000 xg 
supernatant and 20Q,000xg p e l l e t (Table 3) . 
In A. pa ras i t i cus most of the adenylate cyclase ac t i v i t y 
appeared to he located in 17,000xg p e l l e t while a s ign i f ican t 
amount of a c t i v i t y was found in the 200,000xg p e l l e t . However, 
i n
 A. flay us, the whole of the enzyme a c t i v i t y was located in 
17,000xg p e l l e t hut a small amount of a c t i v i t y was a lso found 
in 20f ,000xg p e l l e t . 
Specific a c t i v i t y of adenylate cyclase in Aspergillus paras i t icus 
NRRIi' 5240 and Aspergillus f lav us NRRL 3557 on SIS medium and zinc-
def ic ien t SIS medium a t d i f fe ren t hours of growth 
On SIS medium in Aspergillus pa ras i t i cus adenylate cyclase 
a c t i v i t y Increased from 45 to 60 hours, went down at 75 hours 
increas ing gradually thereafter* In the l a t e s ta t ionary phase 
i . e . J a t 120 and 144 hours , the speci f ic a c t i v i t y was found to 
he almost the same (Table 4 5* In Aspergillus f lav us the specif ic 
a c t i v i t y of the enzyme was found to be almost the same at 45, 60, 
120 and 144 hrs while a t 75 and 96 hrs the value was higher. 
The data have been presented in Table 4 . 
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Table 49 
SPECIFIC ACTIVITY OF ADENYLATE CYCLASE AT DIFFERENT HOURS OF 
GRO-WTH ON SLS MEDIUM IN ASPERGILLUS PARASITICUS NRRL 3240 AND 
IN ASPERGILLUS FLAYUS NRRL 3537 
Both the fungal s t r a i n s were grown on SLS medium a t 28+1 °C for 
pe r iods as given below. The mycelium and medium were s epa ra t ed . 
P repa ra t i on of myce l i a l e x t r a c t s was c a r r i e d out as descr ibed 
by ¥old and Suzuki (1974) . The e x t r a c t i n g buf fe r composed of 
0.1 MUris-HCl buf fe r (pH 8 . 0 ) , 0.1 mM MgCl2, 0.1 mM d i t h i o -
t h r e i t o l and 20 per cen t g l y c e r o l . Measurement of enzyme 
a c t i v i t y was c a r r i e d out as desc r ibed by Wood e t a l . (1972). 
The assay mixture c o n s i s t e d of 0.15 M Tris-HCl~TpH 7 . 6 ) , 15 mM 
MgCl2, 30 mM NaF and 3 mM d i t h i o t h r e i t o l . The d e t a i l s of the 
procedure adopted has been given in ' M a t e r i a l s and Methods ' . 
The values r e p r e s e n t e d a re average of two s e p a r a t e experiments 
run in d u p l i c a t e . 
S p e c i f i c a c t i v i t y as nanomoles of c y c l i c AMP 
Hours of formed/min/mg p r o t e i n 
growth A s p e r g i l l u s p a r a s i t i c u s Aspe rg i l l u s f lavus 
45 
60 
75 
96 
120 
144 
12,44 
16.0 
13.8 
1880 
21e8 
21,5 
10*9 
10.7 
16*2 
16,5 
10.7 
10.9 
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Table 5 . 
SPECIFIC ACTIVITY OF ADENYLATE CYCLASE ON ZE NC DEFICIENT SLS 
MEDIUM IN ASPERGILLUS PARASITICUS NRRL 3240 AND IN ASPERGILLUS 
FLAVUS NRRL 3537 
The exper imenta l cond i t ions were the same as in Table 4 , except 
t h a t ainc d e f i c i e n t medium was used in s t ead of SLS medium. The 
va lues r epo r t ed a re the average of two s e p a r a t e experiments run 
in d u p l i c a t e . 
S p e c i f i c a c t i v i t y as nanomoles of c y c l i c AMP 
Hours of —- formed/min/mg p r o t e i n 
growth Asperg i l lus p a r a s i t i c u s Asperg i l lus f l a w s 
45 
60 
75 
96 
120 
144 
14.0 
14*26 
1Sffi7 
33*3 
1 J7<s ^-
18s0 
14.2 
13.2 
16e7 
13.6 
16s7 
21e36 
100 200 300 ' 400 500 
PROTEIN CONCENTRATION (Mg) 
FIG,: 5* 
'3 
TIME ( min) 
F I G ' 6 
FIGURE 5 . FORMATION OP CYCLIC AMP AS A JUNCTION OF PROTEIN 
CONCENTRATION IN ASPERGILLUS PARASITICUS NRRL 3240. 
Inzyme a c t i v i t y was assayed as desc r ibed by Wood e_t a l . (1972) 
The assay system cons i s ted of 100ul of assay b u f f e r , 40 u l 
of (S-Uc)-ATP (105 CPM per a s s a y ) and 200 u l of enzyme 
s o l u t i o n c o n t a i n i n g d i f f e r e n t amounts of p r o t e i n rang ing 
from 80 ug to 480 ug. The assay buf fe r composed of 0 J 5 M 
Tris HC1 (pH 7 . 6 ) , 1 5 mM MgCl2, 30 mM NaF and 3 mM d i t h i o -
t h r e i t o l , 
The r e a c t i o n was c a r r i e d out for 30 min, a t 30°C. Enzyme, 
a c t i v i t y has been expressed as nanomoles of c y c l i c AMP 
formed per min. 
The values p resen ted a re average of two s e p a r a t e experiments 
run in t r i p l i c a t e . 
FIGURE 6 . FORMATION .-OF CYCLIC AMP AS A FUNCTION OF TIME 
IN ASPERGILLUS PARASITICUS NRRL 3240 
Enzyme a c t i v i t y was assayed as d e s c r i b e d by Wood e_t a l . 
(1972), The assay system c o n s i s t e d of 100. u l of assay 
b u f f e r , 40 u l of (8-1^C)ATP (105 CPM per a s s a y ) and 
200 u l of enzyme s o l u t i o n (200 ug of p r o t e i n ) . The assay 
buf fe r was composed of 0.15 M Tris»HCl (pH 7 . 6 ) , 15 mM 
MgCl2, 30 mM NaF and 3 mM d i t h i o t h r e i t o l . 
The r e a c t i o n was c a r r i e d out a t 30°C for d i f f e r e n t time 
i n t e r v a l s r ang ing from 10 min t o 120 min. 
Ac t iv i ty of t h e enzyme has been expressed as nanomoles 
of cyc l i c AMP formed/mg p r o t e i n . 
Resul t p resen ted are average of two s e p a r a t e experiments 
run in t r i p l i c a t e . 
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On zinc def ic ient SIS medium, in 2t. pa ras i t i cus the 
enzyme a c t i v i t y was almost the same at 45 and 60 h r s , increasing 
at 75 and 96 hrs and gradually came down at 120 and 144 hrs 
respec t ive ly . In A. f lavus the speci f ic a c t i v i t y of the enzyme 
fluctuated between 14 to 22, the maximum heing at 144 h r s . 
These data have been presented in Table 5* The dependance of 
adenylate cyclase a c t i v i t y on protein concentration and time have 
been presented in J i g s . 5 and 6. 
Specific a c t i v i t y of phosphodiesterase in A. pa ras i t i cus and 
A. flavus at d i f ferent hours of growth on SIS and z inc-def ic ient 
medium 
On SLS medium, phosphodiesterase a c t i v i t y was found to 
increase gradually from 45 to 96 hrs decreasing thereaf ter at 
120 hrs and 144 hrs in Aspergillus pa ra s i t i cus (Table 6 ) . 
In A, f lavus , the non-toxic s t r a i n , speci f ic a c t i v i t y of 
' the enzyme was found to be between 95 and 180, maximum being 
at 75 hrs and minimum a t 60 hrs as presented in Table 6. On 
z inc-def ic ient medium, in A. pa ras i t i cus the enzyme ac t iv i ty 
was found to be almost double a t 60 hrs as compared to the value 
a t 45 h r s , the rea f te r decreasing gradually. The values were 
almost the same at 120 and 144 h r s . In A. f lavus , the specif ic 
a c t i v i t y was found to increase gradually from 45 to 96 hrs 
decreasing the rea f t e r . The r e s u l t s have been presented in 
Table 7. 
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Tab le 6. 
SPECIFIC ACTIVITY OP PHOSPHODIESTERASE AT DIFFERENT HOURS 
OF GROWTH ON SLS (SUCROSE-LOW-SALTS ) MEDIUM IN ASPERGILLUS 
PARASITICUS NRRL 3240 AND IN ASPERGILLUS FLATUS NRRL 3537. 
Both the fungal s t r a i n s were grown on SLS medium a t 23_+1 °C for 
s p e c i f i e d hou r s . Then mycelium and medium were s e p a r a t e d . 
Mycel ia l e x t r a c t was prepared in Tris-HCl buf fe r as desc r ibed 
by Wold and Suzuki (1974) . Ex t r ac t ion buffer cons i s t ed of 
0.1 M l^ris-HCl buf fe r (pH S.O), c o n t a i n i n g 0.1 mM d i t h i o t h r e i t o l . 
Enzyme assays were c a r r i e d out us ing method of Butcher and 
Suther land (1962), The assay mixture in a t o t a l -volume of 
0.2 ml composed of 50 mM t r l s - H O l buf fe r (pH 7 , 5 ) , 7.5 mM 
MgCl2, 2,5 mM cycAMP, Cyc(3H)AMP (104CPM per a s say ) and enzyme. 
D e t a i l s of the experiment has been given in TMaterials and 
Methods'. The values reported are the average of two separate 
experiments run in duplicate. 
Specific activity, picomoles of adenosine 
Hours of formed/min/mg protein 
W
 Aspergillus parasiticus Aspergillus flavus 
45 
60 
75 
96 
120 
144 
137,0 
162.6 
212.0 
215.8 
197.9 
148.6 
178.1 
94.3 
180.7 
160,5 
109,9 
140.7 
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Table 7. 
SPECIFIC ACTIVITY OP PHOSPHODI ESTERASE AT DIFFERENT HOURS OF 
GROWTH ON ZINC-DEFICIENT SIS MEDIUM IN ASPERGILLUS PARASITICUS 
NRRL 3240 AND IN ASPERGILLUS FLAVUS NRRL 3537. 
Experimental conditions were the same as in Table 6 except that 
fungal cultures were grown on zinc deficient SIS medium i.e., SIS 
medium containing 0.25 mg of ZnS04 instead of 10 mg per litre. 
The values presented are average of two separate experiments run 
in duplicate. 
Specific activity, picomoles of adenosine 
Hours of — „formed/mg/min. 
growth Aspergillus parasiticus Aspergillus flavus 
45 
60 
75 
96 
120 
144 
237*0 
482»0 
415.0 
294
 6 0 
189.0 
192.0 
187.0 
267.3 
352sO 
883*9 
258 s0 
297.0 
100 200 300 400 500 600 700 800 
PROTEIN CONCENTRATION ( M-9 ) 
F I G * 1 
9X 
30 40 
TIME (mm) 
PIG.' % 
FIGURE 7. BREAKDOWN OP OYC1IC AMP AS A FUNCTION OF 
PROTEIN CONCENTRATION IN ASPERGILLUS PARASITICUS 
NRRL 3240. 
Enzyme a c t i v i t y was assayed "by a modi f ica t ion of the method 
of Butcher and Suther land (1962) . 
The assay system cons i s t ed of 50 mM Tris-HCl buf fe r (pH 7«,5)> 
7,5 mM MgCl2, 2S5 mM cycAMP, c y c ( l P ) AMP (104 CPM per a s s a y ) 
and enzyme t o a f i n a l volume of 200 u l . The enzyme s o l u t i o n added 
was d i l u t e d t o d i f f e r e n t concen t r a t i ons before adding such 
t h a t p r o t e i n added ranged from 70 ug to 840 ug. The r e a c t i o n 
was c a r r i e d out a t 30 °C for 20 min. 
The a c t i v i t y of t he enzyme has been p resen ted as picomoles of 
adenosine formed/min. 
The r e s u l t s p resen ted a re average of two sepa ra t e experiments 
run in t r i p l i c a t e . 
FIGURE 8. BREAKDOWN OF CYCLIC AMP AS A FUNCTION OF TIME 
IN ASPERGILLUS PARASITICUS NRRL 3240 
Enzyme a c t i v i t y was assayed by a mod i f i ca t ion of the method 
of Butcher and Suther land (1962) . 
The assay system comprised of a l l the components a s desc r ibed 
in f igu re 7 except t h a t incuba t ion was c a r r i e d out for 
d i f f e r e n t time i n t e r v a l s r ang ing from 10 minutes to 60 
minutes while p r o t e i n added was the same in a l l the samples 
(400 ug ) . 
Enzyme a c t i v i t y has been expressed as nanomoles of 
adenosine formed per mi l l ig ram of p r o t e i n . 
Data presen ted are average of two s epa ra t e experiments 
run in t r i p l i c a t e . 
90 
The speci f ic a c t i v i t y of the enzyme was more in zlnc-
de f i c i e s t medium as compared to t ha t in the SIS medium in "both 
the s t r a i a s i „ e . A.' pa ras i t i cus as well as A* f lavas . The 
var ia t ion of enzyme a c t i v i t y with protein concentration and 
time has "been presented in Figs . 7 and S6 
Effect of Tolnaftate on aflatoxin production and on 1-C -acetate 
incorporation in to a f l a t ox in "by Aspergillus pa ras i t i cus MKRI 5240 
Tolnaftate was found to i n h i b i t af la toxin formation at a l l 
the concentrations studied (10, 5© and 100 umoles), the maximum 
inhib i t ion being a t 100 umoles/10© ml of SIS medium. At 100 
umoles the inh ib i t ion was 85 per eent (Table 8)„ Yet, the drug 
did not af fec t growth of A. .paras i t icus as represented by 
almost constant mycelial weight .at a l l the concentrations t r ied* 
However, a plot of af latoxin y i l ed vs . Tolnaftate concentration 
added, revealed a logarithmic inhib i t ion between 10 and 100 umoles 
of the drug. (Pig. 9)» 
14. Tolnaftate inhibi ted 1*-G -^acetate incorporation in to 
af la toxins by resuspended mycelia of A8 pa r a s i t i cus UBKL 3240 
a t 10, 50 and 100 umoles concentrat ion. ..The inhib i t ion was 
found to be more prominent in af latoxin G than in aflatoxin B.' 
At 100 umoles the per cent change in specif ic a c t i v i t y was 
near ly 75 per cent in af la toxin G and 58 per eent in aflatoxin 
B (Table 9 ) . However, as presented in J i g . 10, the inhibi t ion 
of aceta te incorporation into af la toxin by Tolnaftate as 
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FIGURE 9. EFFECT OF TO.L NAFTATE ON AFLATOXIN 
PRODUCTION 
Various c o n c e n t r a t i o n s of To lna f t a t e (10 to 100 uraoles) 
were added to each f l a s k c o n t a i n i n g 100 ml of SIS media. 
They were inocu la t ed wi th A3 p a r a s i t i c u s NRRL 3240 and 
incubated a t 28+1°C fo r S days . At the end of e igh th 
day , a f l a t o x i n was determined "by e x t r a c t i n g with chloroform. 
The va lue s r epo r t ed here a re the average of t h r ee s epa ra t e 
experiments run in d u p l i c a t e * 
FIGURE 10. EFFECT OF TOLNAFTATE ON (1-C 1 4 )-ACETATE 
INCORPORATION INTO AFLATOXINS. 
and one gram of mycelium. This system was incubated 
28+1 °C for 2 h o u r s . R a d i o a c t i v i t y i nco rpo ra t ed i n t o 
a f l a t o x i n s was then determined from these samples by 
e x t r a c t i n g with chloroform and count ing the r a d i o a c t i v i t y 
incorporated- in a s c i n t i l l a t i o n counte r . 
The da t a p resen ted here a re average of t h r ee s e p a r a t e 
experiments run in d u p l i c a t e . 
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as measured by CPM of af la toxin B was logarithmic between 0 
and 50 umoles of the drug. Zinc sulphate i s known to stimulate 
aflatoxin syn thes i s . The effect of zine sulphate in conjugation 
with Tolnaftate on 1-C -ace ta te incorporation in to af latoxins 
by r e s t ing ce l l s of Aspergillus paras i t i cus has been presented 
in Table 10» The speci f ic a c t i v i t y of af latoxin B was found 
to remain unchanged in the presence of z inc . However, zinc 
increased the spec i f i c a c t i v i t y of aflatoxin G-, thereby 
reducing the effect of Tolnaftate when the l a t t e r was present 
a t 50-100 umoles concentration* 
Effect of adenosine tr iphosphate (ATP), adenosine diphosphate 
(ADl1), adenosine monophosphate (AMP), 3 ' , 5 ' - c y c l i c AMP and 
ft - 9 ~ 1A 
N -0 -d ibutyry l cyclic AMP on 1-0 -aceta te incorporation in to 
af la toxins by Aspergillus pa ra s i t i cus NRRL 3240 
14 
As evident from Table 11, ATP inhibi ted 1-C -aceta te 
incorporation in to a f l a tox ins , the maximum inhib i t ion be ing ' a t 
100 uM concentration* ABP and AMP, both stimulated 1-C -acetate 
incorporation in to a f la tox in , the incorporation being more 
prominent in a f la toxin B than in af la toxin G„ Maximum 
st imulat ion was observed a t 100 uM concentrat ion. 
The effect of cyc l ic AMP and M - 0 2 ' - d i b u t y r y l cycl ic MP on 
"1 A 
1-C -aceta te incorporation in to af latoxin by r e s t i n g c e l l s 
has been presented in Table 12 and by shake cul tures in Table 13. 
Table 14 represents data concerning effect of cycl ic AMP on 
A 14 
1-C -ace ta te incorporation in to af la toxins using ce l l s suspended 
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Table 12, 
EFFECT OF CYCLIC MP AND N6-02'-DIBUTYRYL CYCLIC AMP ON 1-14C-
ACETATE INCORPORATION INTO AFLATOXINS BY RESTING CELLS OF 
ASPERGILLUS PARASITICUS NRRL 3240 
Aspe rg i l l u s p a r a s i t i c u s was grown as s t a t i o n a r y c u l t u r e a t 28+1 °C 
for four days . Mycelium was washed and b l o t t e d 6 One gram of 
t h i s fungus was added to 10 ml of an assay system composed of 0e02M 
phosphate hu f fe r (pH 6 . 0 ) , 10, 50 and 100 uM s o l u t i o n s of c y c l i c 
AMP and N 6 - 0 2 - d i b u t y r y l c y c l i c AMP and one rnicrocurie of 1-14c-
a c e t a t e ( s p e c i f i c a c t i v i t y = 44*4 mCi/mmole), This mixture was 
incubated for two hours a t 28+1°C as s t a t i o n a r y c u l t u r e . The 
mycelium was e x t r a c t e d fo r a f l a t o x i n and r a d i o a c t i v i t y counted 
as de sc r ibed in ' M a t e r i a l s and Methods*, Values r epo r t ed are 
average of t h r ee s e p a r a t e experiments run in t r i p l i c a t e . 
Compound 
added 
Concentra-
tion 
Specific activity
 % c n a n e e in 
of anatoxins . ^ ^ ^ ^ 
(uM) (cPm/mS aflatoxin) 
B G B G 
Nil 
Cyclic AMP 
butyryl 
cyclic AMP 
10 
50 
100 
10 
50 
100 
9610 
20232 
21925 
20953 
17303 
21775 
18000 
5373 
7755 
11405 
10321 
6849 
9851 
11154 
+106*2 
+123.1 
+113.4 
+23*3 
+60*3 
+49,5 
+ 76,9 +14,76 
+121.65 +44*3 
+ 83.9 +57,8 
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Table 15 . 
EFFECT OP CYCLIC AMP ON 1-14C-ACETATE INCORPORATION INTO APLATOXIN 
AS SHAKE CULTURES. 
Experimental d e t a i l s were the same as in Table 12, except t h a t 
the assay mixture was incufeated a t 28+1 °C on a metabo l ic shaker 
for two hours i n s t e a d of incuba t ion on a s t a t i o n a r y wa te rba th . 
At the end of the incuba t ion p e r i o d , a f l a t o x i n s were e x t r a c t e d , 
es t imated and r a d i o a c t i v i t y incorpora ted i n t o them determined. 
The r e s u l t s p re sen ted are average of two s e p a r a t e experiments run 
in t r i p l i c a t e , 
0 Compound 
added 
Ni l 
3:5 c y c l i c 
AMP 
N 6 - 0 2 1 -
d i b u t y r y l 
c y c l i c AMP 
oncen t r a -
t i on 
(uM) 
-
10 
50 
100 
10 
50 
100 
Spec i f i c a c t i v i t y 
of a f l a t o x i n s 
([cpm/mg aflatoxin") 
B 
10704 
10870 
15796 
18474 
17214 
20638 
24850 
G-
4692 
4940 
6682 
8536 
8102 
8928 
15582 
fo change in 
s p e c i f i c a c t i v i t y 
B 
-
+ 1.66 
+50*92 
+77.70 
+65,10 
+99.34 
+141.46 
G 
-
+2,48 
+19*9 
+38.44 
+34*10 
+42.36 
+1 08.9 
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in 0,1 M BDTA for 1 hr p r io r to .carrying out resuspension 
experiments. As evident from Table 12, in r e s t i n g c e l l s , 3 i5 -
cycl ic AMP and N - 0 2 ' d ibu tyry l cycl ic AMP both stimulated 
1-C -ace ta te incorporation in to a f l a tox ins , the st imulation 
being more prominent in aflatoxin B than in aflatoxin G. 
Stimulation was maximum a t 50 uM concentration of the cyclic 
nucleot ide . 
On carrying out resuspension experiment by shaking for two 
6 2 ' 
hours on water bath 3 :5-cycl ic AMP as well as N -0 -dibutyryl 
cycl ic AMP were found to st imulate ace ta te incorporation in to 
a f l a tox in , the s t imulat ion of incorporation produced being not 
as prominent as that produced in r e s t ing c e l l s by 3:5-cyclic AMP, 
In t h i s case s t imulat ion of incorporation was maximum a t 100 uM 
concentration (Table 13). N - 0 2 ' - d i b u t y r y l cycl ic AMP stimulated 
14 1-C -ace ta te incorporation in to af la toxin B as well as in G to a 
grea ter extent on shaking than in r e s t i n g ce l l s a t 100 uM 
concentration as shown in Table 13 (Compare Table 12 and 13). 
On reauspending the mycelium in 091MEDTA, before carrying out 
the resuspension experiment (Table 14), i t was found that 3s5-
14 cyclic .AMP stimulated 1-C -ace ta te incorporation into af latoxins 
but the st imulat ion was not as prominent as shown in Tables 
12 and 13. On the other hand, as evident from Table 14, cycl ic 
AMP inhibi ted aceta te incorporation in to af la toxins on shake 
cu l tu res , the inhibi t ion being maximum at 100 uM concentration 
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Table 14. 
EFFECT OF CYCLIC AMP ON 1-14C-ACETATE INCORPORATION INTO AFLA-
T02INS WHEN THE FUNGUS WAS TREATED WITH 0.1 M BDTA FOR ONE HOUR 
PRIOR TO EXPERIMENT 
Aspe rg i l l u s p a r a s i t i c u s NRRL 3240 was grown as s t a t i o n a r y cu l tu re 
a t 28+1 °0 for four d a y s . Then mycelium was removed, washed with 
double" d i s t i l l e d water and b l o t t e d . This mycelium was added to 
0.1 M EDTA and l e f t t h e r e i n fo r one h o u r . After one hour mycelium 
was removed, washed and b l o t t e d . One gram of t h i s fungus was 
added to 10 ml of a s say m i x t u r e . The assay mixture comprised of 
0.02M phosphate b u f f e r ( p H 6 . 0 ) , 1 uCi of 1 - c H - a c e t a t e ( spec i f i c 
a c t i v i t y = 44.4 mCi/mmole) and the r e q u i r e d c o n c e n t r a t i o n s of 
c y c l i c AMP, Then experiments were run by i n c u b a t i n g one batch 
a t 28+1 °C on s t a t i o n a r y b a t h and ano the r ba tch on a metabol ic 
shaker a t 28<+1°C, both for two hours* At the end of incubat ion 
p e r i o d , a f l a t o x i n s were e x t r a c t e d , e s t imated and r a d i o a c t i v i t y 
measured. The r e s u l t s are the average of two s e p a r a t e experiments 
run in t r i p l i c a t e . 
Incuba t ion 
c o n d i t i o n 
Compound S p e c i f - a c t i v i t y 
addid (uM) , o f / f l a t o x i n 
' (cpm/mg a f l a t o x i n ) 
B G 
$> change in 
s p e c i f i c a c t i v i t y 
B G 
S t a t i o n a r y 
c u l t u r e s 
3$5 
Shake c u l t u r e s 
3:s5 
N i l 
c y c l i c 
10 
50 
100 
N i l 
c y c l i c 
10 
50 
100 
8440 
AMP 
8564 
13708 
13634 
21516 
AMP 
2091.0 
17144 
16884 
7918 
8112 
11758 
11862 
13092 
11226 
10456 
10042 
+1.24 +1.95 
+52.68 +13.40 
+51.94 +39.44 
-60.06 -18.66 
-43.72 -26,36 
-46 .32 -30 ,50 
100 
Methylation 
Variation of methylation with pH and time? Conditions were 
standardized for maximum methionine incorporation into a f la toxins . 
Incorporation of methyl-0 -methionine in to af la toxins was 
follovjed a t various pH values ranging from 5*0 to 7»5 and i t 
was found tha t maximum methylation oecured a t pH 6e5 (Table 15). 
Similarly as presented in Table 16, methylation was studied a t 
d i f fe ren t time periods ranging from 5 minutes to 6 hrs and i t 
was i observed that maximum methionine incorporation in to 
af la toxins oecured a t 1 hr„ 
14. 14. 
Comparative incorporation of 1-0 -ace ta te and methyl-C -
methionine into af la toxins 
14 As presented in Tables 17 and 18, 1-C -ace ta te incorporation 
*1 A 
and methyl 0 -methionine incorporation in to aflatoxins was 
followed for d i f ferent time periods ranging from 30 seconds 
. 14-
to 6 hrs and i t was found t h a t maximum 1-C -ace ta te incorporation 
14. in to af la toxins oecured at 2 hrs while methyl-C -methionine 
incorporation in to af la toxins oecured a t 1 hr indica t ing tha t 
methylation oecured pr io r to cycl izat ion of the polyketide chain. 
Trace metals and methylation 
14. The effeet of several t race metals on methyl-C -methionine 
incorporation in to af la toxins was s tudied. The data are presented 
in Tables 19, 20, 21 and 226 At 10 umoles, CaCl2, CdClp, ZnSO,, 
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Table 15. 
EFFECT OE pH ON MBTHYL-C14-METHIONINE INCORPORATION INTO AFIATGXINS 
A. p a r a s i t i c u s NRRL 3240 was grown on 100 ml of SIS medium as 
s t a t i o n a r y c u l t u r e a t 28+1 °C fo r 4 days . At the end of i ncuba t ion , 
the mycelium was washed with cold double d i s t i l l e d w a t e r . One gram 
of mycelium was suspended in 10 ml of assy system conta in ing .., 
phosphate buf fe r 0802 M of d i f f e r e n t pH and 1 uCi of methyl-C -
methionine ( s p e c i f i c a c t i v i t y = 12 mCi/mmole) in a b o i l i n g tube . 
After incuba t ion for two h o u r s , a f l a t o x i n s were e x t r a c t e d and 
es t imated and the r a d i o a c t i v i t y incorpora ted measured according 
to d e t a i l s given in ' M a t e r i a l s and Methods1 . The r e s u l t s 
r epo r t ed a re average of two s e p a r a t e e x p e r i m e n t s " ^ u-i duplicate 
TT
 f +h R a d i o a c t i v i t y incorpora ted S p e c i f i c a c t i v i t y 
buf fe r i n t o af l a toxin (cpm) (cpm/mg of af l a toxin) 
added B G Tota l B G 
5*0 12015 600S 18023 6675 5135 
5*5 11883 5942 17825 6692 5079 
6*0 11781 5891 17672 6545 5035 
6„5 13804 6903 20707 7668 5900 
7*0 10758 5380 16138 5976 4598 
7.5 7358 3680 11038 4087 3145 
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Table 16. 
EFFECT OF TIME ON METHYL-C14-METHIONINE INCORPORATION INTO 
AFLAT OXINS. 
A. p a r a s i t i c u s NRRI 3240 was grown on 100 ml SLS medium as s t a -
t iona ry c u l t u r e a t 28_+1 °C for 4 d a y s . At the end of i ncuba t ion , 
the mycelium was washed with cold double d i s t i l l e d water . One 
gram of mycelium was suspended in 10 ml of assay system c o n t a i n -
ing phosphate bu f f e r 0602 M (pH 6*5) and 1 uCi of me thy l -C 1 4 -
methionine ( s p e c i f i c a c t i v i t y = 1 2 . 0 mCi/mmole) in a b o i l i n g t u b e . 
After i ncuba t ing for d i f f e r e n t time per iods a f l a t o x i n s were 
e x t r a c t e d and es t imated and the r a d i o a c t i v i t y incorpora ted 
s tud ied as desc r ibed in ' M a t e r i a l s and Methods ' . The r e s u l t s 
are the average of two s e p a r a t e experiments run in d u p l i c a t e . 
Time of 
incubation 
5 min 
10 min 
30 min 
1 hr 
2 hrs 
4 hrs 
6 hrs 
Radioactivity 
into aflat ox in 
B 
15077 
8880 
6505 
7962 
5211 
5244 
5262 
G 
7539 
4436 
3252 
3981 
2606 
2623 
2632 
incorporated 
(cpm) 
Total 
22616 
13316 
9757 
11943 
7817 
7867 
7894 
Specific 
(cpm/mg of 
B 
8376 
4934 
3814 
4423 
2895 
2913 
2923 
! activity 
aflatoxin) 
G 
6444 
3792 
2780 
3403 
2228 
2242 
2250 
103 
Table 17. 
INCORPORATION OP 1-14C-ACETATE INTO ANATOXINS AT DIFFERENT 
TIME INTERITALS 
•4* P a r a s i t i c u s NRRI 3240 was grown on 100 ml of SIS medium as 
s t a t i o n a r y c u l t u r e a t 28+1°C for 4 days . At the end of the 
i n c u b a t i o n , the mycelium was washed wi th cold double d i s t i l l e d 
w a t e r . A known amount of the mycelium (1 g) was resuspended for 
d i f f e r e n t time pe r iods in 10ml of assay system c o n t a i n i n g phosphate 
bu f fe r 0902 M (pH 6 .0 ) and 1 uCi of a c e t a t e - 1 - 1 4 c ( s p e c i f i c 
a c t i v i t y = \4.6S uCi/mmole ) in a b o i l i n g tube . After i ncuba t ion , 
a f l a t o x i n s were e x t r a c t e d and e s t ima t ed . Another p o r t i o n of the 
same e x t r a c t was used for r a d i o a c t i v i t y measurements. Procedure 
for the e s t i m a t i o n of a f l a t o x i n s , de t e rmina t ion of r a d i o a c t i v i t y 
incorpora ted and o the r d e t a i l s were the same as desdr ibed in the 
s e c t i o n on ' M a t e r i a l s and Methods ' . The r e s u l t s r e p o r t e d a re 
the average of two s e p a r a t e experiments run in t r i p l i c a t e . 
Time of 
incuba t ion 
(minutes) 
0*50 
1,0 
2.5 
5.0 
7*0 
10.0 
20.0 
(hours ) 
0 e5 
1.0 
2 ,0 
4*0 
6.0 
Radioac : t i v i t y i nco rpo ra t ed 
i n t o a f l a t o x i n 
B 
691*0 
575.0 
1286.0 
1337.0 
3O59»0 
5978^0 
9590.0 
12072.0 
14057*0 
16346.0 
16118.0 
23080.0 . 
G 
506G0 
551.0 
628.0 
554.0 
695.1 
1130.5 
1699.0 
1857.0 
3140.5 
2598.0 
2595.0 
3664*0 
(cpm) 
To ta l 
" 
1197.00 
1123.50 
1913^25 
1899* 00 
3754*35 
7107.00 
11237.46 
13929 
17197 
18944 
1871 3 
26744 
Spec i f i c a c t i v i t y 
(cpm/mg 
B 
323,8 
318.3 
714,4 
742*7 
1349.4 
3321.1 
5300*0 
6706.6 
72094*4 
9081,1 
8954*4 
12822,2 
of a f l a t o x i n ) 
G 
43284 
470*9 
526e7 
473.5 
594.0 
985,8 
1452*2 
1587.2 
2883*7 
2220,5 
2217.9 
19726.5 
104 
Table 13 . 
INCORPORATION OP METHYL-C14-METHIONINE INTO AFLATOXINS AT 
DIFFERENT TIME INTERVALS 
A. p a r a s i t i c u s NRRL 3240 was grown on 100 ml of SIS medium as 
s t a t i o n a r y c u l t u r e a t 28+1 °C f o r 4 days . At the end of the incu-
b a t i o n , the mycelium was washed with cold double d i s t i l l e d wate r . 
A known amount of the mycelium (1 g) was suspended fo r d i f f e r e n t 
time period in 10 ml of assay system con ta in ing phosphate buffer 
0*02 M (pH 6*5) and 1 uCi of methyl -C '4-methionine ( s p e c i f i c 
a c t i v i t y = 12,0 mCi/mmole) in a b o i l i n g t u b e . After i n c u b a t i o n , 
a f l a t o x i n s were e x t r a c t e d and es t imated and the r a d i o a c t i v i t y 
incorpora ted measured accord ing to d e t a i l s d e s c r i b e d in the 
s e c t i o n on ' M a t e r i a l s and Methods ' . Resu l t s are the average 
of two s e p a r a t e experiments run in t r i p l i c a t e . 
Time of 
incubation 
(minutes) 
0,5^ 
1.0 
2.5 
5*0 
7.0 
10.0 
20a0 
(hours) 
0.5 
1,0 
2*0 
4,0 
6.0 ' 
Radioactivity inc 
into 
B 
2025 
2715 
2100 
3008 
4575 
7527 
4505 
3498 
5347 
3030 
1452 
1456 
aflatoxin (c 
G 
1740 
2175 
1735 
2220 
2340 
762 
2252 
1749 
2674 
1515 
729 
723 
orp orated 
pm) 
Total 
3765 
4890 
3385 
5228 
6915 
8289 
6757 
5247 
8021 
4545 
2181 
2184 
Specific activity 
(cpm/mg of aflatoxin^ 
B 
1125 
1503 
1167 
1871 
2542 
4182 
2503 
1944 
2971 
1884 
807 
309 
G 
1437 
1359 
1526 
1897 
2000 
652 
1925 
1495 
2285 
1295 
623 
622 
105 
MgSO,, CuSO. and FeS0.07H20 a l l stimulated methylation while 
barium acetate was found to i n h i b i t the process. Stimulation 
was found to he maximum "by gine-sulphate . Magoesium sulphate 
and ferrous sulphate stimulated more of methyl-C -methionine 
incorporation in to af latoxin G- than in B (Table 19). 
At 100 umoles l e v e l , FeSO. , UiClp, MnOlg, ammonium molybdate, 
14 MgGl? and molyhdic acid stimulated methyl G -methionine 
incorporation in to a f la tox ius , the maximum st imulat ion being 
observed by ferrous sulphate , Uranyl su lphate , selenium dioxide 
14 and bismuth n i t r a t e a l l stimulated methyl-C -methionine 
incorporation in to af latoxin B, but the incorporation in to 
af la toxin G was not s i gn i f i can t . Stannous chloride also 
st imulated methylation s l i g h t l y , but s t imulat ion was more in 
af latoxin G as compared to aflatoxin B. At 100 umoles leve l 
vanadyl sulphate , calcium chlor ide , barium a c e t a t e , arsenic 
ch lor ide , strontium chlor ide , l i thium chloride) lead aceta te and 
14 
cobalt chloride a l l inh ib i ted methyl-C -methionine incorporation 
in to af la toxins , the inh ib i t ion being maximum by li thium chloride. 
Effect of amino acids on methyl-C -methionine incorporation 
in to af la toxins 
As presented in Tables 23 and 24, the effect of several 
14 amino acids at 100 umoles concentration on methyl-C -methionine 
incorporation in to af la toxins was s tudied. I t was found that 
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most of the amino acids tiad no s ign i f ican t e f f ec t . Glycine, 
•valine, methionine and asparagine stimulated methylation 
s l i g h t l y . But Ir-cysteine, h i s t i d i n e and arginine hydrochloride 
showed good s t imula t ion , the maximum st imulat ion being observed 
by 1-cysteine, 
"1 A 
Tricarboxylic acid cycl ic intermediates and methyl-C -"methionine 
incorporation in to a f l a t ox ins 
The effect of various t r i ca rboxyl ic acid cycle intermediates 
14 on methyl-C -methionine incorporation in to af latoxin was followed 
at 10 mM and 50 mM concentrations respect ively (Tables 25 and 26). 
At 10 mM concentrat ion, oxalacet ic acidjalpha-ketoglutar ic 
acid and c i t r i c acid had no s ign i f i can t effect while fumarate 
as well as malic acid, both stimulated methylation, the 
s t imulat ion being maximum by fumarate (Table 25). At 50 mM 
concentration. , oxaloacetate and fumarate were found to stimulate 
14-incorporation of methyl-C -methionine in to aflatoxins , the 
s t imulat ion being maximum by a lpha-ketoglutar ic acid a t th i s 
p a r t i c u l a r concentrations The r e s t of the intermediates studied 
did not have any s ign i f i can t effect on methylation a t t h i s 
concentration (Table 26). 
1 A 
Effect of carbohydrates on methyl-C ^methionine incorporation 
in to aflatoxins 
• " ' - " " — " " - " • • ' • • / 
The effect of various hexoses, pentoses and dissacharides 
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Tab le 27 , 
EFFECT OF HEX OSES ON ME THYL-C14 -METHIONINE INCORPORATION INTO 
AFLATOXINS 
A s p e r g i l l u s p a r a s i t i c u s NRRL 3240 was grown as s t a t i o n a r y c u l t u r e 
a t 28£1 °C f o r 4 d a y s . Then mycel ium was washed w i t h co ld double 
d i s t i l l e d w a t e r and b l o t t e d ® One gram of t h e fungus was v/eighed 
and added t o an a s s a y sy s t em composed of 0„02 M p o t a s s i u m p h o s -
p h a t e b u f f e r (pH 6 * 5 ) , 1 uCi of m e t h y l - c H - m e t h i o n i n e ( s p e c i f i c 
a c t i v i t y = 5*1 mCi/mmole) and v a r i o u s c o n c e n t r a t i o n s of hexoses 
i n a t o t a l volume of 10 m l . This c o c k t a i l was i n c u b a t e d a t 28+1°C 
f o r one h o u r . At t h e end of t h e i n c u b a t i o n p e r i o d , a f l a t o x i n s 
were e x t r a c t e d , e s t i m a t e d and r a d i o a c t i v i t y coun ted a s d e s c r i b e d 
in ' M a t e r i a l s and M e t h o d s ' . The r e s u l t s p r e s e n t e d a r e ave rage 
of two s e p a r a t e e x p e r i m e n t s c a r r i e d out in t r i p l i c a t e . 
Compound C o n c e n t r a -
added t i o n mM 
S p e c i f i c a c t i v i t y of 
a f l a t o x i n s (cpm/mg of 
a f l a t oxin^ 
B G 
io change i n s p e c i -
f i c a c t i v i t y of 
a f l a t o x i n s 
B G 
N i l 
Glucose 
F r u c t o s e 
S o r b o s e 
Mannose 
G a l a c t o s e 
no 
5 0 0 
1 0 s 0 
no 
5 . 0 
10 8 0 
no 
5,0 
10 o 0 
no 
5*0 
10 .0 
no 
5 , 0 
10*0 
3508 
2682 
2305 
8825 
3025 
2931 
3152 
2078 
2497 
2417 
5880 
2634 
2174 
3334 
3045 
2200 
2430 
1729 
1551 
3467 
2275 
1979 
2204 
1318 
2025 
1693 
5538 
2693 
2616 
2325 
2052 
1970 
— 
- 3 . 2 
- 1 2 , 0 
- 5 3 . 1 
- 4 . 8 
- 5 S 8 
- 3 * 5 
-13*5 
- 9 . 3 
- 1 0 . 1 
+24.4 
- 3 , 0 
- 1 2 . 6 
-no 
- 3 * 9 
- 1 2 . 3 
-
-7*0 
~*S. 8 
+ 10 .4 
- n 6 
- 4 . 5 
- 2 , 3 
- 1 1 . 5 
-4*4 
- 7 , 7 
+30.7 
+2 .2 
+1.5 
- 1 . 4 
- 4 . 1 
- 4 , 9 
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on methylation was invest igated, Hexoses and pentoses were 
added at 1, 5 and 10 mM concentrations while dissacharides 
were added at 0 ,5 , 1.0 and 5 mM concentra t ions . I t was observed 
tha t out of the hexoaes t r i ed as presented in Table 27, glucose 
showed st imulat ion a t 10 mM concentration and inh ib i t ion at 
other concentrations while mannose showed st imulat ion at 1 mM 
concentration and inh ib i t ion a t other concentrat ions, Fructose, 
sorbose and galactose showed inh ib i t ion a t a l l the concentrations 
t r i e d . 
Out of the pentoses t r ied as shown in Table 28, r ibose was 
14 found to s l i g h t l y s t imulate methyl-C -methionine incorporation 
in to a f la tox ins , the st imulat ion being more in G a t 1 and 5 mM 
concentrations while at 10 mM concentration i t was more in 
B. irabinose did not show any s ign i f i can t e f f ec t . 
The disacharides which were studied for t h e i r a b i l i t y to 
affect methylation were sucrose, maltose and lactose a t 0 .5 , 
1.0 and 5.0 mM concentrations (Table 29) . Only sucrose ivas 
found to st imulate methyl-C -methionine incorporation in to 
aflatoxins a t a l l the concentrations t r i e d , the maximum stimulation 
being observed a t 5.0 mM concentrat ion. Maltose and lactose 
did not show any s ign i f i can t e f fec t . 
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Table 2 8 . 
EFFECT OF PENTOSES ON METHYIr-C14-METHIONINE INCORPORATION INTO 
AFLATOXINS 
Experimental details were same as in Table 27, except that 
pentoses at 1 , 5 and 10 mM concentrations were added instead of 
hexoses. Aflatoxins were extracted, estimated and radioactivity 
counted as described in'Materials and Methods'. The results 
presented are average of two separate experiments run in 
triplicate. 
Compound 
added 
N i l 
Ribose 
Arabinose 
Concentra-
t i o n 
mM 
-
1 
5 
10 
1 
5 
10 
Spec i f i c a c t i v i t y 
af ]a-toxins (cpm/mg 
a f l a t ox i n ) 
B 
3434 
3449 
3534 
4040 
3290 
3425 
3517 
G 
2667 
3247 
3221 
2438 
2641 
2654 
2693 
of 
of 
io change in s p e c i 
f i e a c t i v i t y of 
a f l a t o x i n s 
•B 
-
+0*15 
+ 1,00 
+6.06 
- 1 . 4 
-0 9 09 
- 0 . 8 3 
G 
-
+5*8 
+5*5 
-1 .18 
-0 e 26 
-0 .13 
+0.26 
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Table 29. 
EFFECT 01 DISACCHARIBES ON METHYI-C14-MBTHI0NIES INCORPORATION 
INTO ANATOXINS 
Experimental d e t a i l s were same as in Table 27» except t h a t 0»5, 
1,0 and 5 .0 mM s o l u t i o n s of d i s a c c h a r i d e s were added ins tead of 
hexoses , Resu l t s p resen ted a re average of two s e p a r a t e 
experiments run in t r i p l i c a t e . 
p™rpn+T>a Spec i f i c a c t i v i t y of # change in speci-
Gompound +1J. a f la toxins(cpm/mg of f i e a c t i v i t y of 
added ° a f l a t ox in) a f l a t ox ins 
„ _ _ _ _ B G B , G 
Ni l - 3434 2667 
Sucrose 0.5 3442 2756 
1.0 4764 2725 
5.0 5782 3692 
Maltose 0.5 3498 2917 
1.0 3108 2706 
5,0 3598 2860 
lactose 095 3274 2880 
1.0 3294 2375 
5.0 3490 2493 
+0*08 
+13*3 
+23*5 
+0964 
+3,2 
+ 1®6 
- 1 , 6 
- 1 . 4 
+0.56 
+0.89 
+0»58 
+ 10*3 
+2.5 
+0.39 
+1,9 
+2,1 
-2*9 
- 1 . 7 
nn 
Glycolytic intermediates and methylation. The effect 
of various glycolyt ic intermediates a t concentration of 0 , 1 , 
14 0,5 and 1.0 mM on methyl-C -methionine incorporation in to 
af la toxins was studied*, The r e s u l t s are depicted in Tables 30 
and 31 respec t ive ly . The observation was tha t g lucose-1-
phosphate stimulated methylation at 0o1 mM concentration 
while glucose«6-phosphat@ stimulated a t 0.1 mM and 1*0 mM 
concentrations "but inhibi ted a t 0e5 mM concentrations (Table 
30). Fruetose~6~phosphate and fructose~1 ^S-diphosphate both 
0 
stimulated methylation a t a l l the concentrations t r i e d . 
14 
Signif icant s t imulat ion of methyl-C -methionine incorporation 
in to af la toxins was observed a t 1»0 mM concentration by 
fructose-6»phosphate and by fructose-* 1 ^-diphosphate at 0*5 mM 
concentration (Table 30 )e 
Glyceraldehyde»3-phosphoric acid was found to st imulate 
methylation a t 0,5 mM while i t was found to i n h i b i t at other 
concentrations,, Phosphoenol pyruvate stimulated methylation a t 
0»5 and 1,0 mM concentrations respec t ive ly , the incorporation of 
methyl-C -methionine into aflatoxin G being more than in 
aflatoxin B„ Pyruvate was found to st imulate incorporation 
14 
of methyl-C -methionine i n to af la toxins a t a l l the 
concentrations t r i e d , the s t imulat ion being maximum at 0e1 mM 
concentration (Table 31). 
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Table 30 . 
EFFECT OP GLYCOLYTIC INTERMEDIATES OK METHYL-C 
INCORPORATION INTO AFLATOXINS 
14 
•METHIONINE 
Asperg i l lus p a r a s i t i c u s NRRL 3240 was grown as s t a t i o n a r y c u l t u r e 
a t 28+1°C for 4 days . The mycelium was washed with cold double 
d i s t i l l e d water and b lo t t ed , One gram of t h i s fungus was weighed 
and added t o an assay system composed of 0902 M potassium phosphate 
buffer (pH 6 , 5 ) , 1 uCi of methyl-C 1^-methionine ( s p e c i f i c a c t i v i t y = ' 
27.5 mCi/mmole). and var ious concen t r a t i ons of t h e g l y c o l y t i c 
in te rmedia tes , , This assay mixture was incubated a t 23+1 °C for 
one hour . At the end of the incuba t ion p e r i o d , a f l a t o x i n s were 
e x t r a c t e d , es t imated and r a d i o a c t i v i t y counted according to 
' M a t e r i a l s and Methods ' . The r e s u l t s p resen ted a re average of 
two s e p a r a t e experiments run in t r i p l i c a t e , 
Compound 
added 
Concentra-
t i o n 
mM 
Spec i f i c a c t i v i t y of 
a f l a t o x i n s (cpm/mg of 
a f l a t ox in*) 
B G 
?o change in speci-
f i c a c t i v i t y of 
a f l a t o x i n s 
B G 
Nil 
Glucose-1 ' 
phosphate 
0.1 
0.5 
1.0 
Glucose-6- 0.1 
phosphate 0 ,5 
1.0 
P r u c t o s e - 6 - 0,1 
phosphate 0 e 5 
1 .0 
Fructose-1 ,6- 0.1 
diphosphate 0.5 
1.0 
3375 
4150 
2994 
3484 
4203 
3134 
4040 
3587 
3870 
6584 
4484 
9367 
7227 
2884 
3805 
2559 
2978 
3592 
2878 
3453 
3066 
3307 
5827 
3832 
3006 
6176 
+ 7 . 8 
- 3 . 8 
+1,1 
+8.3 
- 2 . 4 
+6 s, 7 
+2 a 2 
+4e9 
+32 .0 
+ 11 »0 
+59 .9 
+ 33 .5 
+9.2 
- 3 . 2 
- 1 . 0 
+7 .1 
-0*6 
+5*7 
+ 1*8 
+ 4 . 2 
+29 .5 
+9 .5 
+51.2 
+ 3 2 . 9 
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- a b l e 31* 
EPFBCT OP GLYCOLYTIC INTERMEDIATES ON METHYL-C14-METHIONINE 
INCORPORATION INTO APLATOXINS 
Experimental d e t a i l s were the same as in Table 30, The r e s u l t s 
p resen ted are the average of two s e p a r a t e experiments run .in 
t r i p l i c a t e , 
Compound ^oncen t r a -
added t : L £ n 
mM 
Ni l 
Glyceraldehyd 
3-phosphate 
Phosphoenol-
pyruvate 
Pyruvate 
e- 0.1 
0 ,5 
1.0 
0.1 
0 .5 
1.0 
0.1 
0.5 
1.0 
Spec i f i c 
a f l a t o x i n 
a f l a t ox in 
B 
3375 
2257 
3500 
2917 
9347 
5927 
3963 
5472 
3S90 
3500 
a c t i v i t y 
s (cpm/mg 
G 
2884 
2946 
3000 
2821 
9318 
6954 
5513 
3536 
3154 
2949 
of 
of 
fo change in speci-
f i c a c t i v i t y of 
a f l a t o x i n s 
B 
— 
+11.1 
+12.5 
-4 .6 
- 5 9 . 7 
+25.5 
+5*9 
+20*9 
+5e1 
+1*2 
G 
_. 
+0*6 
+11.6 
- 0 . 6 3 
+64.3 
+40.7 
+26e3 
+6,5 
+2.7 
+0e6 
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Effect of MD and methionine sulphoxide on methyl-Q -
methionine ineorporation in to a f la tox ins . 
As evident from Tahle 32, DL-methionine sulph oxide stimulated 
14 
methyl-C -methionine incorporation into af la toxins at a l l the 
concentrations t r i e d , the maximum stimulation "being a t 10 mM 
14 
concentration of the compound» The incorp©ration of methyl-C -
methionine into af latoxin 6 was more s ign i f i can t than in 
aflatoxin B. 
14. 
3?iB was a l so found to st imulate methyl-C -methionine 
incorporation in to a f la tox ins a t a l l the concentrations t r i e d , 
the incorporation "being maximum a t 10,0 mM concentration.1 . 
However, a t a l l the concentrations t r i e d , s t imulat ion of 
methionine incorporation was more in af la toxin G than in 
af la toxin B« 
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Table 52. 
EFFECT OP FAD AND METHIONINE-SULPHOXIDE ON METHYL-C14-METHIONINE 
INCORPORATION INTO AFLATOXINS 
Exper imental d e t a i l s were the same as in Table 30, except t h a t 
meth ion ine-su lphoxide and FAD were added i n s t ead of g lyc81y t i c 
in te rmedia tes , , The r e s u l t s p re sen ted a re the average of two - ^ <, 
s e p a r a t e experiments run in t r i p l i c a t e . 
fnnfP-n+r-a Spec i f ic a c t i v i t y of fo change in spec i -
Compound +ion a f l a t o x i n s (cpm/mg of f i e a c t i v i t y of 
added
 M a f l a t oxin) a f l a t o x i n s 
B G B G_ 
Ni l 3300 2744 
DL-methionine 1.0 3916 3000 +1,1 
su lphoxide 590 3967 2949 +1.6 
10.0 5316 5128 +20.1 
FAD 0.1 6600 7231 +28,0 
1.0 5584 7154 +17*3 
5.0 7684 7846 +33.3 
10,0 8817 10756 +50.1 
+2*5 
+2,0 
+2038 
+44«8 
+44*1 
+51 «0 
+30,1 
DISCUSSION 
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The r e s u l t s of the s tud ies carr ied out in the present 
invest igat ion have "been given in the preceding sec t ion . The 
significance of these data has been discussed under the following 
headings in t h i s sec t ion . 
I . Metabolism of cyclic AMP and i t s role in aflatoxin 
synthesis 
I I . Aflatoxin synthesis and i t s control 
I I I . Methylation in a f l a tox in , including various parameters 
affect ing methylation 
I . Metabolism of cycl ic AMP and i t s r o l e in aflatoxin 
biosynthesis 
Aflatoxins form a group of heterocycl ic secondary metabolites 
synthesized via the aceta te malonate pathway for_ polyketide 
formation (Hsieh and Mateles, 1970). I t has been postulated 
tha t secondary metabolites are regulated by the same mechanisms 
which regulate the primary metabolism* Some of the important 
mechanisms for control of secondary metabolism are subst ra te 
induction, feedback repression and inh ib i t i on , ca tabo l i t e 
repression and inhib i t ion and ATP (or energy charge) regulation 
(Bemain, 1972). 
Since the discovery of cycl ic AMP in mammalian systems in 
1957, the presence of t h i s cyclic nucleotide has been demonstrated 
in some micro-organisms (Pastan and Adhya, 1976). I t has been 
ident i f ied as a v e r s a t i l e regulatory molecule in energy 
metabolism of many organisms and has been shown to be involved 
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in such diverse a c t i v i t i e s as hormone action (Robison e t a l . , 
1968; Jost and Rickenberg, 1971; Posternak, 1974), ca tabol i te 
repression (Pastan and Perlman, 1970) and c e l l divis ion (Burger 
et, a l . , 1972), Detroy et §1 . (1971) speculated tha t the 
phenomenon of ca tabo l i t e repression i . e . ^ the inhibi t ion of 
enzyme synthesis by glucose and re la ted compounds, may be one 
of the regulatory mecha.im.sms -which d iver t s ace ty l CoA from -£-c-<?~ 
cycle oxidation into polyketide pathway, thereby leading to 
secondary metabolite synthes is s This may be the case in 
aflatoxin synthesis too. However, i t has been well establ ished 
in several microbial systems tha t glucose repression is mediated 
by cycl ic IMP (Pastan, 1972; Ullman, 1974) with the i n t r a c e l l u l a r 
concentration of the cyc l ic nucleotide being inversely re la ted to 
the level of exogenous glucose (Schlanderer and Dellweg, 1974; 
Yerma and Raisada, 1975). The role of cyclic AMP (cAMP) in the 
mediation of catabol ic repression in fungal systems as well as 
in aflatoxin synthes is is not c lear at p resen t . Therefore, the 
levels of cycl ic AMP were determined at various phases of growth 
in both the af la toxin ' producing s t r a in as xvell as the non-toxic 
s t r a i n . 
a) Levels of cyc l ic AMP in Aspergillus | flayus MRL 3537, the non-
toxic s t r a i n and in Aspergillus paras i t i cus HRRL 3240, the toxic 
s t r a i n on SIS and on z inc-def ic ient SLS medium 
Reports of cycl ic AMP determinations in fungi are scarce , 
but s tudies with Mucor species indicate 25-30 picomole/mg of 
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pro t e in (Earsen and Sypherd, 1974) and Se4~36«6 pieomole/mg 
of p r o t e i n (Pa-veto ejb a l , , 1975). 
In Asperg i l lus p a r a s i t i c u s (Figures 3 and 4) on SIS medium, 
c y c l i c AMP va lues ranged from 4 nanomoles t o 113 nanomoles while 
on z i n c - d e f i c i e n t medium, the l e v e l s were "between 5 nanomoles t o 
150 nanomoles per 100 ml of medium, 
In Asperg i l lus f lav us the l e v e l s of c y c l i c AMP ranged from 
9 nanomoles t o 15 nanomoles on SLS medium wh i l e on z i n c - d e f i c i e n t 
SIS medium i t lay between 15 t o 50 nanomoles per 100 ml of 
medium. In A, p a r a s i t i c u s the tox ic s t r a i n , 45 hours of growth 
r e p r e s e n t s e x p o n e n t i a l phase , 60 hours r e p r e s e n t s t r a n s i t i o n a l 
p h a s e , 75 and 96 hours correspond to t h e - s t a t i o n a r y phase whi le 
120 and 144 hours r e p r e s e n t l a t e s t a t i o n a r y phase (Detroy and 
H e s s e l t i n e , 1970). 
Cyclic AMP l e v e l was found to r i s e tremendously from 45 to 
60 hours n e a r l y 2 .4 t imes in A. p a r a s i t i c u s on SLS medium whi le 
n e a r l y twice on z i n c - d e f i c i e n t SLS. medium. 
The value came down ab rup t ly a t 75 hours on both the media 
and inc reased g radua l ly t h e r e a f t e r ( P i g s . 3 and 4 ) . Cyclic AMP 
has been r e p o r t e d to occur in many d i v e r s e fungi i nc lud ing the 
ascomycetes schizosaccharomyces (Schlanderer and Dellweg, 1974) 
Saccharomyces (Sy and R i c h t e r , 1972; Van wijk and Konijn, 1971), 
Neurospora (Plawia and Tor re s , 1972; Sco t t and Solomon, 1975; 
Rosenberg and P a l l , 1978) and Asperg i l lus (zonneveld, 1976), the 
bas idiomycete copr inus (Uno and Ishikawa, 1973), the phycomycetes 
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mucor (Paznokas and Sypherd, 1975) and Biastocladie 11a 
(Silverman and Epstein, 1975), Physarium polycephalum (lovely 
and Thre l fa l l , 1976), Giberel la zea (Wolf and Mirocha, 1977) 
and Monascus purpureas (Saruno et a l . , 1976). Cheuijg (1966) 
reported the presence of low levels of cyc l ic AMP in ce l l s of 
the yeast Saccharomyces ca r l sbe rgens i s . 
VoichiK e_t a l . (1973) detected cyclic JMP levels a t 
various levels of growth in the c i l i a t e d protozoan, tetrahymena 
pyriformis
 t an un ice l lu la r organism. 
The concentration of the nucleotide was found to be high 
during l i n e a r growth (exponential phase) , declined sharply, in 
early s t a t ionary phase and thereaf ter increased again during 
the l a t e s t a t ionary phase of growth. 
*
n
 tetrahymena. the high levels of cycl ic AMP in the 
exponential growth phase imply an important effect of th i s 
nucleotide on some metabolic parameters of primary metabolism 
associated most probably with protein synthesis and c e l l 
divis ion (VoichiK e t a l . , 1973). This may be the case with 
Aspergillus pa ras i t i cus as well as in Aspergillus f lavus , the 
non-toxic s t r a i n , where cycl ic AMP levels have been found to be 
high in the exponential phase (45 hours ) . On SIS medium however, 
the t o t a l cycl ic AMP leve l of Aspergillus pa ras i t i cus was double 
the value of Aspergillus flay us . This can be explained on the 
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assumption tha t in Aspergillus p a r a s i t i c u s , various primary 
metaboli tes which are precursors of aflatoxin synthesis l ike 
acetyl-CoA, t r ica rboxyl ic acid cyclic intermediates and phospho> 
t i d e s , e t c . are accumulated in the exponential phase* The high 
cyclic AMP leve l observed may be imparting a prominent ro le in 
the accumulation of precursors for aflatoxin synthesis in the 
exponential phase. Detroy and Hesseltine (1970) noted tha t 
af latoxin B- synthetase was produced during the trophophase 
when negl ig ib le aflatoxin synthesis was observed but i t became 
functional only on the onset of the idiophase. 
The t r a n s i t i o n a l phase is the period of change over from the 
ac t ive ly growing to the s ta t ionary phase where ce l lu l a r growth 
s tops . In t h i s phase, primary metabolism (vegetative a c t i v i t y ) 
is blocked. In A. pa ras i t i cus th i s phase occurs from 50 to 70 
hours and enzymes of aflatoxin synthesis appear t o be derepressed 
during t h i s period (Detroy and Hesse l t ine , 1970). 
The expression of aflatoxin synthesis may be a cycl ic AMP 
activated process as evident from the tremendous increase in 
A 
cycl ic AMP l e v e l at 60 hours on SIS as well as on zinc-rdeficient 
SIS' medium. In penici l l ium u r t i c a e , added d ibutyryl cyclic AMP 
caused increased production of a t l eas t one enzyme in the 
sequence from 6-methyl s a l i c y l a t e to Patulin (Forrester and 
Gaucher, 1972). Adenylate cyclase , the enzyme responsible for 
synthesis of cyc l ic AMP was stimulated in_ vivo by pyruvate in 
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Brevibacterium l iquefaciens (lynch et_ a l . , 1975). Thus, in 
A. p a r a s i t i c u s , accumulation of pyruvate in the exponential 
phase may he s t imulat ing adenylate cyclase a c t i v i t y leading 
to high levels of cyc l ic AMP in the t r a n s i t i o n a l phase. This 
high leve l of cyc l i c AMP may he causing accelerated production 
of e i the r af latoxin synthetase complex or one of the enzymes in 
the sequence leading to high levels of aflatoxin production in 
the ear ly s ta t ionary phase (Table 1 ) and as a consequence 
leading to a d r a s t i c f a l l in the cycl ic AMP leve l thereby at 
75 hours ,of growth. 
Further, in case of Neurospora crassa (Terenzi e t a l . , 
1976) the marked and t r ans ien t increase in the cyclic AMP level 
observed in wild type Neurospora reaching the s ta t ionary phase 
suggests tha t the cyclic nucleotide level acts as a s t a r t i n g 
s ignal for the i n i t i a t i o n of some important events. 
Keeping th is in view, i t can be postulated t h a t in case 
of A. pa ras i t i cus , the increase in cycl ic AMP level in the 
t r a n s i t i o n a l phase may be serving as a s t a r t i n g s ignal for 
i n i t i a t i o n of expression of aflatoxin synthetase a c t i v i t y . The 
sharp f a l l in the level of cAMP in the early s t a t ionary phase 
(75 hours, see Pig. 3 and 4) on both the media may be because 
of i t s continued and fas t u t i l i s a t i o n by any one of the enzymes 
of the af la toxin synthetase complex or by the aflatoxin 
synthetase complex as a whole. This may be r e s u l t i n g in high 
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t o t a l af latoxin levels a t 75 hours of growth, which is near ly 
3,5 times the value of af latoxins observed at 60 hours (Table 
1 ) . After 75 hours cycl ic AMP level was observed to increase 
gradually t i l l l a t e s t a t iona ry phase, the maximum cyclic AMP 
level was found a t 144 hours on SIS medium as well as on zinc 
def ic ient SIS medium* 
Borrow et a l . (1961, 1964) divided the s ta t ionary phase 
in to the storage phase, during which ce l l weight continued to 
increase due to the accumulation of fa t and carbohydrates and 
during which production of secondary metabolites commences, and 
the maintenance phase , during which dry weight is constant but 
uptake of glucose and production of secondary metabolites 
continues. The increase in cyclic AMP leve l again at 96 hours 
represents the maintenance phase, where cyclic AMP u t i l i z a t i o n 
is not required to tha t extent as tha t required in i n i t i a t i o n 
of af latoxin synthetase a c t i v i t y . 
Catabolite regula t ion , inducer accumulation and phosphate 
control have been proposed as probable regulatory mechanisms 
involved in the onset of secondary biosynthesis (Drew and 
Demain, 1977). The one accepted mechanism for ca tabol i te 
repression involves ; 
(a) an increase in c e l l level of cyclic AMP when growth slows 
down 
(b) ac t ivat ion by cAMP of an effector protein C&P 
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(c) pos i t ive control of ca tabo l i t e repressed genes by the 
binding of C&P to par t of the operator r e j i o n . 
Though th i s may not be the only mechanism involved i t i s 
gaining support (Emmer e_t a l . , 1970; Zubay e_t a l . , 1970; Riggs 
e t a l , , 1971) as a regular system for secondary metabolism. In 
A. paras i t i cus i t was found tha t ce l lu la r growth slowed down 
in l a t e s ta t ionary phase though the level of cycl ic AMP was 
found to increase (Figure 3 and 4 ) . This is in agreement with 
the accepted mechanism described above. Therefore, ca tabol i te 
repression phenomenon might be involved in the control of 
aflatoxin syn thes i s . 
In carbon ca tabo l i t e repression phenomenon, when any carbon 
ca tabo l i t e l ike glucose, i s present , i t i nh ib i t s adenylate 
cyclase, the enzyme tha t converts ATP to eAMP, thus decreasing 
the concentration of cycl ic AMP. This low level of cycl ic AMP 
inh ib i t s the t r ansc r ip t ion by RNA polymerase of operons 
responsible for coding the pa r t i cu l a r enzyme under ca tabol i te 
A 
repression con t ro l , (Harwood and Peterkofsky, 1975; P3st3n and 
Adhya, 1976; Pastan and Perlman, 1976)e "-> /As concluded by 
Van Wijk and Zonijn (1971) in Sacharomyces car l sbergens is , the 
amount of cyclic AMP is higher in c e l l s which show a lower degree 
of ca tabol i te repress ion . 
I*1 Aspergillus pa ras i t i cus a l s o , the high levels of cyclic 
AMP in the t r a n s i t i o n a l phase may be f i r s t l y due to exhaustion 
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of sucrose and secondly due to accumulated pyruvate in 
exponential phase s t imulat ing adenylate cyclase. Sftruno, 
Tanura and Kato (1976) have claimed tha t carbon ca tabo l i t e 
repression in the mold Monascus purpureus is reversed by 
cyc l ic AMP. So, i t may he postulated tha t in Aspergillus 
pa ras i t i cus high levels of cycl ic AMP in the t r a n s i t i o n a l phase 
may he involved in reversing carbon ca tabol i t e repress ion , 
re l i ev ing the inducer molecule, depressing af la toxin synthetase 
A 
and thereby leading to high levels of af latoxin at 75 hours 
and low levels of cycl ic AMP. !Ehis data suggests the possible 
involvement of phenomenon of inducer accumulation and ca tabol i te 
repression in the onset of af latoxin synthesis® Limited data 
ex i s t s on the effect of cycl ic nucleotides on synthesis of 
secondary metabolites „ However, Wold: and Mirocha (1977) have 
hypothesized tha t cycl ic AMP concentrations d i r ec t l y determined 
zearalenone production and ind i rec t ly regulated the formation 
of sexual spores. 
Wold and Suzuki (1976) hypothesized tha t in Aspergillus 
niger zinc and cAMP were regulatory pa r tne r s , with zinc 
determining the physiological s t a t e of the mold, and cAMP 
regula t ing the physiological a c t i v i t y . In th i s case, the addition 
of cAMP to cul tures in ear ly exponential phase enhanced growth 
while the addit ion of cAMP to cultures in l a te exponential and 
early s t a t ionary phase stimulated the accumulation of c i t r a t e . 
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Thus, the c y c l i a nucleotide increased both growth and the 
accumulation of the secondary metabolite by s t imula t ing 
carbohydrate metabolism in Aspergillus n iger . 
Hence, cyclic AMP pa r t i c ipa t e s in the regulat ion of 
metabolism and growth and development of fungi (Smith and 
Galbrai th , 1972; Bu'Lock, 1975, 1976; Wold and Suzuki$ 1976). 
Ifl Streptomyces hygroscopicus, an actinomycete which 
produces a s ixteen membered macrolide an t i b io t i c complex, t u r i -
mycin, cycl ic AMP values were found to r i s e to a maximum 
coinciding with the end of the main growth period followed by 
a rapid decrease9 The production period of the secondary 
metabol i te , turimycin (24th and 72nd hour) was marked by a 
r e l a t i v e l y low cycl ic AMP l e v e l , which rose again a f te r th is 
phase (Gersch et_ a l 9 , 1978)e Abou Sabe e_t a l . (1975) reported 
tha t the l eve l of cyclic AMP was regulated by the i n t r a c e l l u l a r 
amounts and/or t ranspor t of glucose and not by ex t r ace l l u l a r 
c oncentrations* 
Zonneveld (1976) reported tha t manganese deficiency had a 
def in i t e ef fec t on cyclic AMP levels and that ex terna l glucose 
played an ind i rec t r o l e . Bu'Lock. (1975, 1976} proposed 
tha t increased cycl ic AMP levels during the s ta t ionary phase 
might l i f t ' c a t abo l i t e repression* of enzymes of secondary 
metabolite b iosynthes is , 
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As evident from the present observation (Pig. 3 and 4 ) , 
i t can "be hypothesized tha t increased levels of cycl ic AMP in 
the t r a n s i t i o n a l phase may he l i f t i n g ' ca tabo l i t e repression* of 
aflatoxin synthetase leading the rea f t e r , to fas t expression of 
i t s a c t i v i t y , 
Applebaum and Buchanan (1979) have detected cyclic AMP level 
in A. paras i t i cus MKL 2999 and found tha t on growing the fungus 
in a media containing 10, 60 and 100 g glucose/L, cycl ic AMP 
level was found to be elevated in the exponential phase, but 
decreased the rea f t e r . The reverse was the case with levels of 
cycl ic GMP. They suggest a negative regula tory ro le for cycl ic 
AMP or a pos i t ive regulatory role for cycl ic G-MP in the synthesis 
of a f l a tox in . And i f one compares the present observations with 
that of Applebaum and Buchanan, the difference in values may be 
f i r s t l y because they have detected cyclic AMP leve l only at the 
i n t r a c e l l u l a r l eve l but not the ex t r ace l lu l a r content , though 
there is continuous leakage of the cycl ic nucleotide from the 
mycelium in to the medium. Secondly, the difference l i e s in 
the composition of the medium. In the present case, ce l l s used 
for cyclic AMP estimation were grown on a medium containing 
sucrose as the carbon source while the medium used by Applebaum 
and Buchanan contained glucose as the carbon source. Slow 
sugar u t i l i z a t i o n , has been known as the key to product 
formation (Saltero and Johnson, 1953). 
Further s tudies on cephalosporine production in a chemically 
defined medium c lear ly showed tha t glucose was rapidly depleted 
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during trophophase and tha t the slowly used, sucrose was not 
used u n t i l idiophase (Remain, 1963). 
Moreover, when beta-lactam a n t i b i o t i c production was 
studied on media containing d i f fe ren t individual sugars , i t 
was found tha t the a n t i b i o t i c production was highest with sucrose, 
followed oyAecreasing order, ga lactose , fructose, maltose and 
glucose. This may explain the difference in the values of 
cyc l ic MP observed on both the media. Although i t is tempting 
to assume tha t carbon ca tabol i te repression phenomenon is 
involved in control of secondary metabolism, i t has been proven 
only in the cases of actinomycin (Gallo and Katz,' 1972) and 
puromycin (Sankaran and Pogell , 1973). 
Several hormones and regulatory molecules are known to 
exert t he i r effect by a st imulat ion or inhib i t ion of adenylate 
cyclase or cycl ic AMP phosphodiesterase. In or ier to examine 
the pos s i b i l i t y of the biochemical effects of af latoxins 
being mediated through cycl ic AMP, the formation of cycl ic AMP 
and i t s degradation i . e .^.adenylate cyclase ac t i v i t y and cyclic 
AMP phosphodiesterase a c t i v i t y have been invest igated in the 
l ive r and kidney homogenates of af latoxin B., administered r a t s 
(Prasanna erfc al_. , 1975). They observed a s igni f icant disturbance 
in the cyclic-AMP metabolism. Hence i t is quite l i t e l y that 
some of the b io log ica l effects of aflatoxin IL are mediated 
through cycl ic MP. 
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As ev iden t from Figures 3 and 4 , c y c l i c AMP l eve l s in the 
non- tox ic s t r a i n Aspe rg i l l u s f lav us NERL 3537 on SLS medium as 
we l l as on z i n c - d e f i c i e n t SIS medium do no t show much v a r i a t i o n 
a t 60, 75 and 96 hours r e s p e c t i v e l y * The values vary 
s i g n i f i c a n t l y a t these pe r iods of growth in the t o x i c s t r a i n 
on both the mediae This observa t ion emphasizes the s i g n i f i c a n t 
r o l e t h a t c y c l i c AMP may be p lay ing in a f l a t o x i n synthes i s , , 
b ) S u b c e l l u l a r l o c a l i z a t i o n of adenyla te cyc la se in Asperg i l lus 
p a r a s i t i c u s NRRL 5240 and A s p e r g i i : ^ f l avus NRRL 5537 and i t s 
a c t i v i t y a t va r ious hours of growth on SLS medium and z i n c -
d e f i c i e n t SLS medium 
Adenylate c y c l a s e , the enzyme r e s p o n s i b l e for s y n t h e s i s of 
c y c l i c AMP from ATP was f i r s t desc r ibed by Suther land _et_ a l . 
(1962) and s ince then i t has been s t u d i e d in a number of mammalian 
t i s s u e s as w e l l as in micro-organisms and p l a n t s . In prokaryotes 
t h i s enzyme has been shown to be bo th so lub l e (Hi ra ta and 
Haya i sh i , 1967) and p a r t i c u l a t e (Ide , 1969). 
Adenylate cyc lase has been shown to occur in euca ryo t i c 
microorganisms l i k e Neurospora c r a s s a (Plawia and Tor ress , 1972; 
Terenzi e_t a l . , 1976) , Sac char omyces f r a g i l i s (Sy and R i c h t e r , 
1972) , Saccharomyces c e r e v i s i a e (Londesborough and Nurminen, 
1972) , Coprinus macrorhizes (Uno and Ish ikawa, 1973), Asperg i l lus 
niger_ (Wold and Suzuki , 1974) and in the s l ime molds, Physarum 
polycephalum (Smith and Mansour, 1978), D ic tyos t e l ium discoideum 
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arid
- Polysphondylium pollidum (Bonner, 1969; Hintermann and 
Parish, 1979). In the present s tudy, the subcel lu lar local izat ion 
of adenylate cyclase in Aspergil lus pa ras i t i cus WRRL 3240 and 
Aspergillus flavus NRRL 3537 was studied by d i f f e r e n t i a l 
cent r i fuga t i on. 
Maximum specif ic a c t i v i t y of 67®66 nanomoles of cycl ic AMP 
formed per minute per milligram protein was found in 17,000xg 
p e l l e t in A. pa ra s i t i cus indicat ing the associat ion of the 
enzyme with mitochondrial membrane. Specific ac t i v i t y of 
45«65 nanomoles of cycl ic AMP formed per minute/mg of protein 
was also found in the 200,000xg p e l l e t in Aspergillus pa ras i t i cus . 
In other f rac t ions the specif ic a c t i v i t y was neg l ig ib l e . Thus 
i n
 Aspergillus pa ras i t i cus MRRL 3240 two types of adenylate 
cyclase are present , one localized with the mitochondrial fraction 
(17,000xg p e l l e t ) while the other i s associated with microsomal 
fraction (200,OOOx g p e l l e t ) . 
In A, flavus EBRL 3537 the non-toxic s t r a i n , most of the 
adenylate cyclase a c t i v i t y was found to be r e s t r i c t e d in the 
17,000xg p e l l e t represent ing i t s associat ion with mitochondrial 
f rac t ion . The ac t i v i t y observed in other f ract ions was n i l or 
not s ignif icant^ 
In E. col i .adenyla te cyclase is found to be exclusively 
pa r t i cu l a t e ( Ide , 1969) and can be eas i ly solubi l lzed (Tao and 
1 7 
Huberman, 1970), while in Brevibacterium licheniformis and 
Brevibacterium l iqa i fac iens i t is soluble in nature (Hirata 
and Hayaishi, 1965, 1967). The enzyme has been reported to 
be associated with the plasma membrane of Saccharomyces 
ce rev i s i ae , Saccharomyces f r a g i l i s and Neurospora crassa 
(Plawia and Torres, 1972; Londesborough and Nurminen, 1972; 
Sy and Richter , 1972), 
In E. c o l i , adenylate cyclase a c t i v i t y was observed to be 
associated exclusively with the pa r t i cu l a t e f ract ion of the 
ex t rac t (Ide, 1969)» Hintermann and Parish (1969) have 
reported the p o s s i b i l i t y of adenylate cyclase a c t i v i t y loca l iza -
t ion in associat ion with vesic les in c e l l u l a r slime molds, 
Pietyostelium discoideum and Polysphondylium pallidiumB In the 
slime mold Physarum polycephalum, adenylate cyclase a c t i v i t y 
was detected in both pa r t i cu la t e and 100,000xg supernatant 
fract ions in the r a t i o of approximately 3:1 (Smith and Mansour, 
1978). 
In Aspergillus n ige r , maximum a c t i v i t y of adenylate cyclase 
was found in the 200,000xg supernatant and a s ign i f ican t amount 
of a c t i v i t y was found in 800 x g p e l l e t iBe»j the pa r t i cu la te 
fraction too (Wold and Suzuki, 1974). 
The two forms of adenylate cyclase enzyme in 
A. paras i t i cus may be contr ibut ing to the overal l high level 
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of cycl ic AMP in JL_ paras i t icus as compared to tha t of 
A. f l a w s on SLS medium (Pig„ 3). 
Purther , taking 4 days old cul tures of A„ paras i t i cus 
var ia t ion of adenylate cyclase a c t i v i t y with time and varying 
protein concentration was studied (Figs. 5 and 6 ) . Adenylate 
cyclase a c t i v i t y was proport ional to protein concentration upto 
320 ug of protein ( Pig. 5) . The a c t i v i t y of the enzyme was 
found to be l inea r with time for a t l ea s t 60 minutes (Pig. 6 ) . 
Adenylate cyclase a c t i v i t y was determined at various phases 
of growth in "both the toxic as well as the non-toxic s t r a in 
on SLS medium and zinc def ic ien t SIS medium. The ac t i v i t y of 
the enzyme was found to increase from 45 to 60 h r s , decreased 
a t 15 hours and thereaf te r increased gradually in the s ta t ionary 
phase in AB p a r a s i t i c u s . The specif ic a c t i v i t y was found to he 
almost constant a t 120 and 144 hrs r espec t ive ly , represent ing 
the l a t e s ta t ionary phase (Table 4 ) . 
^
n
 A* fflavus however, the specif ic ac t iv i ty of the enzyme 
was found to be approximately same in exponential and la te 
s ta t ionary phase while the value was high in the s ta t ionary 
phase. However, the speci f ic a c t i v i t y of the enzyme is lower 
in As f lav us as compared to tha t in A. pa ras i t i cus accounting 
for the high level of cycl ic AMP present in A. pa ras i t i cus 
possibly being involved in regulat ion of af latoxin synthesis 
(Table 4 ) . 
In N. crassa, maximal adenylate cyclase activity was 
detected during the growth period coincident with the highest 
cyclic .AMP levels (Terenzi et al. , 1976). 
I*1 T. pyriformis , adenylate cyclase activity declines 
continuously during early linear growth upto 72 hours v/hen the 
culture was at the early stationary phase, the least activity 
"being observed at 72 hours, A steep increase in the activity 
was observed after this period and high levels of adenylate 
cyclase activity were detected again late in the stationary 
phase of the growth curve (Yoichick e_t al,, 1973). 
However, if one compares the values of cyclic AMP (Pig. 3) 
with that of activity of adenylate cyclase, the enzyme 
responsible for its synthesis, the enzyme activity at 75 hrs 
does not decrease sharply as does the cyclic AMP level at 75 hrs. 
The enzyme activity also does not rise very much from 45 to 60 hrs 
as is observed in cyclic AMP levels at these hours (Compare Pig. 3 
and Table 4). This may be due, in part to cAMP phosphodiesterase, 
the enzyme responsible for degradation of cyclic IMP. Thus the 
observed difference in the adenylate cyclase activity and the 
amount of cyclic AMP accumulated illustrates the presence of an 
active turnover or degradation mechanism of cyclic AMP in the 
organism, as explained in the case of E„ coli (Peterokofsky and 
Gazdar, 1973). 
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Secondly, the var ia t ion of adenylate cyclase ac t i v i t y in 
various phases of growth of only 17,000 x g p e l l e t fract ion i . e . , 
the mitochondria associated adenylate cyclase has been reported 
in t h i s s tudy. However, the over a l l cycl ic AMP values reported 
may have been as a r e s u l t of a c t i v i t y of "both the mitochondrial 
as well as the 200,000xg p e l l e t associated enzymes. 
In the case of Aspergillus f lav us, cycl ic AMP value i s 
contributed by only mitochondrial f rac t ion , hence the cyclic AMP 
values represent the actual amount of cycl ic AMP produced by 
adenylate cyclase . Here adenylate cyclase ac t iv i ty i s the same 
in exponential as wel l as in the l a t e s ta t ionary phase, the 
values being high in the s ta t ionary phase. However, the reason 
for decrease of cycl ic AMP value in exponential phase may be 
the high a c t i v i t y of cycl ic AMP phcephodiesterase at 45 hrs in 
&• flavus (Table 6 ) . The increase in cycl ic AMP leve l a t 60 hrs 
i s explainable on the bas i s of low degradation process a t th i s 
pa r t i cu l a r period. In the s t a t ionary phase i . e . . a t 75 hrs 
and 96 hrs approximately equal amounts of cyc l ic AMP (Pig. 3) 
are consis tent with s imi lar adenylate cyclase ac t i v i t y at these 
hours (Table 4 ) . 
The low ac t i v i t y of the enzyme in the l a t e s ta t ionary 
phase is cons is ten t with the low levels of cyc l i c AMP in the 
l a t e s t a t ionary phase in A. flavus NRR1 3537 on SIS medium. 
14?. 
On z inc-def ic ien t SIS medium (Table 5) in A. pa ras i t i cus 
STKRI 3240 i t was found tha t adenylate cyclase a c t i v i t y was lowest 
in exponential as well as in the t r a n s i t i o n a l phase and increased 
the rea f t e r , in the s ta t ionary phase (75 and 96 h r s ) . The highest 
spec i f ic a c t i v i t y of adenylate cyclase on zinc def ic ient medium 
was found a t 96 hrs the value decreasing thereaf te r in the l a te 
s ta t ionary phase. This difference in a c t i v i t y a t 75 hrs and cycli 
AMP value i . e . , high ac t iv i ty of the enzyme and d ras t i c decrease 
in cycl ic AMP l eve l (compare Fig . 4 and Table 5) i s possibly due 
to high a c t i v i t y of the degrading enzyme, cycl ic AMP phosphodi-
e s t e r a s e , a t t h i s p a r t i c u l a r hour (ac t iv i ty i s 415, see Table 7 ) . 
In the l a t e s t a t iona ry phase, on zinc def ic ien t SLS medium 
adenylate cyclase a c t i v i t y was less as compared to tha t a t 96 
hrs but higher than tha t a t 45 hrs and 60 h r s . The phospho-
d ies t e rase ac t iv i ty decreased in l a t e s ta t ionary phase, but was 
high in exponential phase as well as the early s ta t ionary 
phase. This explains the high level of cycl ic AMP in the la te 
s t a t ionary phase on zinc def ic ien t SIS medium in A. paras i t icus 
NRRI 3240, 
I11 A* f lav us . on z inc-def ic ient SIS medium the ac t iv i ty of 
the enzyme did not show any regular pa t t e rn . Specific ac t iv i ty 
of the enzyme increased in the ear ly s ta t ionary phase, decreased 
in mid-stat ionary phase and again increased i » l a te - s ta t ionary 
phase emphasizing the need of cycl ic AMP in t h i s s t ra in for 
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d i f f e ren t i a t ion or some purpose other than af latoxin synthes is . 
Studies on the "breakdown of cycl ic AMP by Aspergillus grown on 
SL-S and zinc def ic ien t SLS media 
Sutherland and Rail (1958) were the f i r s t to describe 
cyclic 31, 5' AMP phosphodiesterase as the enzyme responsible 
for hydrolyzing cyc l ic 3',5'-AMP to 5'-AMP. In fungi 3,5*-AMP 
phosphodiesterase has been demonstrated in Saccharomyces 
car lsbergensis (Spezia l i and Wigk, 1971), Goprinus macrorizus 
(Uno and Ishikawa, 1973), Neurospora Qrassa (Scott and Solomon, 
1973) and Aspergillus niger (Wold and Suzuki, 1974) 
Cyclic AMP occupies an important posi t ion in ce l lu l a r 
metabolism and phosphodiesterase may play a major ro le in 
regula t ing i t s l eve l . Hence the demonstration of the presence 
of th is pa r t i cu l a r enzyme was necessary. In the present study, 
i n t r a c e l l u l a r cycl ic AMP phosphodiesterase a c t i v i t y was detected 
in the toxic s t r a i n Aspergillus paras i t i cus NKRL 3240 as well as 
in the non-toxic s t r a i n , Aspergillus f lav us NRRL 3537 a t various 
periods of growth. This r e f l e c t s the poss ible control of cycl ic 
AMP levels in both the s t r a i n s as cyclic1 AMP level was found to 
vary with the physiological s t a t e of the c e l l in case of 
Aspergillus p a r a s i t i c u s , on both the media (see Pig. 3and 4 ) . 
I t was observed that in A, f lav us as well as in A* paras i t icus 
the enzyme a c t i v i t y was located in 4S,000xg supernatant 
and th i s was taken as fcrude enzyme1 throughout the studies 
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described in t h i s t h e s i s . In Saccharomyces car l sbergens is , 
ac t iv i ty of the enzyme was detected in 45,OOOxg supernatant 
(Speziali and -vein ¥ i jk , 1977) and in th i s organism too, i t was 
observed t h a t l eve l of cyc l i c AMP varied with the physiological 
s t a t e of the cel l* 
In the case of Coprinus macrorhizes, 3 :5 ' -cyc l ic IMP 
phosphodiesterase alongwith adenyl cyclase was reported in 
mycelia of s t r a i n s which form f ru i t ing bodies , but not in 
s t r a i n s which are unable to form f ru i t ing bodies,, The a c t i v i t y 
was observed in 1,000xg supernatant (Uno and Ishikawa, 1973). 
In Neurospora c rassa , the enzyme was found to be par t icu la te 
and is more closely re la ted to mammalian than to b a c t e r i a l 
cyc l ic AMP phosphodiesterase (Scott and Solomon, 1973). The 
Plasmodium of the multinucleate ace l l u l a r slime mold Physarum 
polycephalum produced a pa r t i cu la t e 3*,5'-AMP phosphodiesterase 
and a l so released an ex t r ace l lu l a r phosphodiesterase into the 
growth medium. The proper t ies of both the enzymes were 
s ign i f i can t ly d i f fe ren t (Murray e_t a l . , 1971). 
Pietyostel ium discoideum ce l l s produced a t l eas t two or may 
be more, phosphodiesterases, one enzyme being membrane bound 
and increased in the development stage before aggregation while 
no increase in enzyme a c t i v i t y was found in non-aggregating 
mutants. Another phosphodiesterase was found both ex t race l lu la r ly 
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and in t race l l u l a r l y (Malchow e_t a^, , 1972). In cultured ce l l s 
phosphodiesterase was found to he located pr inc ipa l ly in the plasma 
membrane, while l i t t l e ac t iv i ty was found in nuclear , mitochondrial 
and microsomal f ract ions (Rusell and Pastan, 1973). 
In the case of E. c o l i , Brana and Chytil (1966) and Nielsen 
e t a l . (1973) found the enzyme to be so luble . However, in 
Bacillus lichen i f ormis (Clark and Bernlohr, 1972) the enzyme was 
found to be membranal. Qyclic AMP phosphodiesterase ac t iv i ty has 
been detected in ce l l - f ree ex t rac t s of Myxococcus xanthus 
vegetative c e l l s (Zusman, 1973). In A. niger two types of 
cycl ic AMP phosphodiesterase were detected and designated as 
I-PDA, tha t i s , i n t r a c e l l u l a r phosphodiesterase and E-PDA i . e . , 
ex t r ace l l u l a r phosphodiesterase. Both the enzymes were found 
to possess considerably d i f fe ren t p rope r t i e s . The i n t r ace l l u l a r 
cyc l i c AMP phosphodiesterase i^as located in the 48 ,000xg 
supernatant while the ex t r ace l lu l a r cycl ic AMP phosphodiesterase 
was found in the culture, medium at 4S hrs of growth. Thus as 
evident from the above r e p o r t s , cycl ic AMP-phosphodiesterase may 
be membranal as well as so luble . The enzymes from Aspergillus 
flavus. as well as Aspergillus pa ra s i t i cus were found to be 
present in 4S,000xg supernatant . Moreover, as evident from 
Table 6, in Aspergillus paras i t i cus grown in SIS medium, cyclic 
AMP-phosphodiesterase ac t i v i t y was found to increase gradually 
from exponential to s ta t ionary phase, the maximum ac t iv i ty being 
observed at 96 hrs and decreased gradually the rea f t e r . 
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High a c t i v i t y of phosphodiesterase at 75 hrs may be 
responsible for the sharp f a l l in the cycl ic AMP level a t 75 hrs 
(Pig. 3) . At 96 h r s , since adenylate cyclase a c t i v i t y was 
bound to be high as compared to that a t 75 hrs (Table 4 ) , the 
phosphodiesterase may be act ing on the cycl ic AMP produced, 
eventually leading to high amount of cycl ic AMP at 96 hrs as 
compared to that at 75 hrs 9 At 120 and 144 hrs i . e . the l a te 
s ta t ionary phases, phosphodiesterase ac t iv i ty was found to 
decrease (Table 6 ) , v/hile adenylate cyclase gradually increased 
(Table 4 ) , contr ibut ing in associat ion thus to high levels of 
cycl ic AMP' in l a t e s ta t ionary phase (Fig. 3) . 
In Tetrahymena pyrif or mis (Voichilc e_t a l . , 1973) high levels 
of cyclic AMP observed during ear ly exponential and la te 
s ta t ionary phases were associated with elevated adenylate cyclase 
a c t i v i t y . 
In Ae flavus KRRI 3537 the non-toxic s t r a i n , however, there 
was no regular pat tern of cycl ic AMP phosphodiesterase a c t i v i t y . 
The value was high in exponential phase and early s ta t ionary 
phase (75 h rs ) and decreased the rea f t e r , r i s i ng again at 144 h r s . 
In Aspergillus pa ras i t i cus MRL 3240 grown on z inc-def ic ient 
SLS medium cycl ic AMP phosphodiesterase a c t i v i t y was found to 
increase gradually from exponential to early s ta t ionary phase 
(75 h r s ) , the maximum a c t i v i t y being observed at 60 hrs (Transi-
t iona l phase). Specific a c t i v i t y of the enzyme was found to 
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decrease t he rea f t e r , the ac t iv i ty "being nearly equal at 120 
and 144 hrs i . e . ; in the l a t e s ta t ionary phase. However, the 
specif ic ac t iv i ty of phosphodiesterase was found to be high 
on zinc def ic ien t SLS medium (specif ic ac t i v i t y of 432) as 
compared to the value on normal SIS medium (specif ic ac t iv i ty 
of 215). Thus low levels of zinc are st imulatory for 
phosphodiesterase a c t i v i t y in Aspergi l lus . 
However, as evident from Tables 1 and 2 zinc sulphate i s 
inh ib i tory a t low concentrations for a f la toxin production. Thus5 
on z inc-def ic ient SIS medium, high phosphodiesterase ac t i v i t y 
leads to more breakdown of cycl ic .AMP leading to overa l l low 
cycl ic AMP pool which in turn may be responsible for low 
af latoxin production in t h i s medium. This again emphasizes the 
possible involvement of cycl ic AMP in regulat ion of aflatoxin 
syn thes i s . 
There i s evidence which suggests tha t metabolism of cycl ic 
AMP is linked to the metabolism of zinc in Aspergillus niger 
(Wold and Suzuki, 1976). Cyclic AMP affected the ra tes of 
growth and production of c i t r i c acid when added to Aspergillus 
niger cu l tures growing at low, but not a t high zinc l eve l s . 
Zinc and cyclic AMP have been visual ised as regulatory partners 
in A. n iger . Zinc was found to determine the physiological 
s t a t e and was required for c e l l p ro l i f e r a t i on , and cycl ic AMP 
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regulated the physiological a c t i v i t y . The same may be the case 
in Ae pa ras i t i cus too , Taking four days old mycelia, the 
var ia t ion of phosphodiesterase ac t i v i t y with protein concentra-
t ion has been presented in Figure 7 and tha t with time in 
Figure 8. Phosphodiesterase a c t i v i t y was proport ional to 
concentration upto 420 ug of pro te in . The ac t iv i ty of the 
enzyme was found to be l inea r with time for at l eas t 40 minutes, 
Further taking into consideration the var ia t ion of phospho-
d ies te rase ac t iv i ty in various phases of growth, high specif ic 
a c t i v i t y of the enzyme in t r a n s i t i o n a l phase was accompanied by 
increase in cyclic .AMP leve l a t th i s pa r t i cu l a r hour. But the 
adenylate cyclase a c t i v i t y was found to be same in exponential 
as well as in t r a n s i t i o n a l phase. Thus the high cyclic AMP 
pool at th is hour may have been contributed by the 200,000 x g 
p e l l e t associated as well as by the I7 ,000xg p e l l e t associated 
adenylate cyclases r e s u l t i n g in high levels of cyclic AMP at 
t h i s p a r t i c u l a r hour on this medium. At 75 hrs and 96 hrs the 
a c t i v i t y of adenylate cyclase increases but the value of cyclic 
iMP was less at 75 hrs explainable by high phosphodiesterase 
a c t i v i t y a t th i s pa r t i cu l a r hour. At 96 hrs phosphodiesterase 
a c t i v i t y was less as compared to that a t 75 hrs while adenylate 
cyclase a c t i v i t y was highest leading thereby to high levels of 
cycl ic AMP. 
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In l a t e s ta t ionary phase adenylate cyclase a c t i v i t y was 
high as compared to that in exponential phase r e su l t i ng in 
high levels of cycl ic AMP in l a t e s ta t ionary phase. In A. flavus 
the phosphodiesterase ac t iv i ty increased gradually from 
exponential to s t a t ionary phase , maximum ac t iv i ty being at 
96 hrs decreasing thereaf te r on zinc def ic ient SLS medium* 
In the exponential phase, however, when A» flavus was 
grown on zinc def ic ien t SLS medium (Fig, 4 ) , cyclic AMP value 
was found to be the highest explainable by l eas t a c t i v i t y of 
phosphodiesterase (Table 7) a t th i s hour though adenylate 
cyclase a c t i v i t y was s ign i f i can t a t 45 h r s . At 144 hrs and 
120 hrs phosphodiesterase ac t iv i ty was higher than tha t at 
45 hrs in A9 flavus on sine def ic ien t SIS medium, but the 
adenylate cyclase a c t i v i t y was high in these phases, leading to 
accumulation of cyc l ic AMP but cycl ic AMP content was not higher 
than tha t in exponential phase. However, from the s tudies so 
far carr ied out one can conclude tha t the ac tual p ic ture of 
regulat ion by cyc l ic AMP pool of aflatoxin synthesis may be 
visual ised by determining the ac t i v i t y of the 200,000 x g pe l l e t 
associated adenylate cyclase a l so at various periods of growth. 
Secondly, ex t r ace l lu l a r phosphodiesterase ac t i v i t y has also to 
be detected in both the s t r a i n s on both the media to give a 
b e t t e r picture* 
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I I . Aflatoxin synthesis and i t s control 
Aflat oxins axe hepatocarcinogenie to several species 
including human beings and also produce l i ve r cancer in various 
par t s of the world (Chu, 1977). So i t i s of great necessi ty to 
device measures effect ive in contro l l ing aflatoxin synthes is . 
For th i s purpose, work has been carr ied out in the present 
study and described under the following headings; 
(a) Effect of Tolnaftate (antifungal agent) on metabolism of 
A. pa ras i t i cus HERL 3240 
Tolnaftate (2-napthyl-N-methyl-K'-(M-tolyl)-thionocarbamate) 
an ant ifungal drug, i s widely used to control super f i c i a l fungal 
infect ions of the skin l ike r ing worm and other derma.tophytes 
of skin (Teruhisa, 1962). This compound inh ib i t s fungal 
growth in l iquid cul tures a t very low concentration (Gordee 
and Gorman, 1968; Kobayashi and Med off, 1977). With a view 
to inves t iga te i t s possible successful use in the control of 
af la toxin production, effect of Tolnaftate on fungal growth 
and aflatoxin production was s tudied. Effect of Tolnaftate 
on fungal growth, fungal morphology, aflatoxin production and 
incorporation of label led aceta te in to af latoxin in a 
resuspension system was studied in d e t a i l . 
Tolnaftate changed the morphology of A. pa ra s i t i cus to 
yeast l ike forms a t a concentration of 100 u moles when the 
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fungus was grown on SIS medium for 8 days. At 10 and 50 u 
moles concentration the fungal morphology was in between 
filamentous and yeast l i ke forms, i .e .* possessed no well 
defined s t ruc tu r e . According to Detroy and Ciegler (1971$ 
deficiency of manganese ions in the medium resu l ted in yeast 
l ike forms. So i t may be postulated tha t Tolnaftate may be 
chelat ing manganese ions making the medium def i c i en t in manganese, 
as a consequence of which the morphology of A. paras i t i cus 
may have changed to yeast l ike forms. 
As i s evident from Table 8 Tolnaftate a t concentrations 
ranging from 10-100 u moles did not affect growth of Aspergillus 
pa ras i t i cus MRRL-3240 as represented by almost constant mycelial 
weight but inhib i ted aflatoxin production to a grea t ex tent . 
Total af latoxin yield was decreased about 8 fold by 100 u moles 
of Tolnaftate. Formation of af la toxins B and G were inhibi ted 
to almost the same ex ten t . A p lo t of af la toxin yield vs 
Tolnaftate concentration added revealed a logarithmic inhibi t ion 
between 10 and 100 u moles of the drug (Fig. 9 ) . 
Tolnaftate at very low concentration (1$) has been reported 
to i n h i b i t fungal growth in l iquid cul tures (Gordee and Gorman, 
1968j Kobayashi and Med off, 1977). So i t i s probable tha t for 
growth inhib i t ion in A. paras i t i cus higher concentrations of 
Tolnaftate may be reh i red . I t has been observed tha t maDor 
amount of aflatoxin i s produced by A. pa ras i t i cus during the 
s ta t ionary phase i . e . a f te r 70 hrs of growth (Detroy ejfc a l . , 
1973; Gupta e t a l . s 1976). 
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There i s no r e l a t ionsh ip "between fungal growth and 
af la toxin production. Bean and Rambo (1975) observed tha t 
dimethyl sulfoxide inhib i ted af latoxin "biosynthesis without 
affect ing fungal growth. Similar r e s u l t s were obtained by 
Gupta e t a l . (1976q|- with 2-mercaptoethanol at 1 mM concentration. 
The inhibi tory effect of Tolnaftate was further investigated 
14. by studying i t s ef fec t on 1- C-acetate incorporation in to 
a f la tox ins by r e s t i ng mycelia of Ae pa ras i t i cus in resuspension 
experiments* The observations have been presented in Table 9. 
The r e s u l t s reveal t ha t the incorporation of label led acetate 
into af la toxin B and G was considerably inh ib i t ed , the extent 
of inh ib i t ion of af la toxin G being much more than t h a t of 
af latoxin B a t a concentration of 10 u moles. Yet the difference 
was considerably redueed with increasing concentration of 
Tolnaftate . As represented in Fig. 10, the inhib i t ion of 
ace ta te uptake by Tolnaftate as measured by cpm of B was 
logarithmic between 0 and 50 u moles of drug, 
As postulated by Heathcote ej; a l . (1976) af latoxin G i s 
derived from af la toxin B in A. p a r a s i t i c u s . The ensyme system 
catalyzing the conversion is postulated t o be s imi lar to the 
mixed function oxidases., As represented in the data in Table 9, 
af latoxin B did not p i l e up with the d r a s t i c inhibi t ion of G 
so i t can be postulated tha t Tolnaftate does not i n h i b i t the 
B-?>G conversion s t e p . I t may be i n h i b i t i n g af latoxin formation 
a t some s tep other than th i s* 
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Schroeder e t a l . (1974) and Hsieh (1973) reported tha t 
dichlorvos inhibi ted af latoxin "biosynthesis a t a s t ep prior 
to the conversion of sterigmatocystin to aflatoxin v i z . , the 
conversion of vers icolor in to s ter igmato-cyst in . A systematic 
study of metabolic inh ib i to rs of aflatoxin biosynthesis has been 
car r ied out (Gupta e t a l . , 1975 aj Gupta e t a l . , 1975 b ; Gupta 
e t a l , , 1976). The known aflatoxin inh ib i to rs include trace 
metals l ike barium and vanadium, chela t ing agents l ike phytic 
acid , mercaptoethanol and dimethyl sulphoxide, c i t r u s o i l s , 
preservat ives l ike sorbic acid and d i a lky l enolphosphates. 
Some other well known metabolic inh ib i to r s include e thionine, 
dichlorvos and L-cysteic acid as reviewed by Maggon et_ a l . , (1977). 
I t has been postulated already that the inhibi tory action 
of cer ta in inh ib i to r s l ike 2-mercaptoethanol, phytic acid and 
dimethyl sulfoxide might be due to chelat ion of e s sen t i a l 
t race metals l ike zinc and copper (Gupta and Venkitasubramanian, 
1975; Gupta e t a l . , 1976a; Weinberg, 1970). 
In order to t e s t t h i s hypothesis , the effect of zinc in 
conjugation with Tolnaftate on the incorporation of 1- 4C-
acetate in to af la toxins was s tud ied . 
Stimulation of aflatoxin formation in presence of zinc 
has been documented in various repor t s (Gupta ert a l . , 197J& 
Maggon et a l . , 1977). 
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As shown in Table 10, the specif ic a c t i v i t y of af latoxin 
B remained unchanged in the presence of z inc . On the contrary, 
sine increased the specif ic a c t i v i t y of aflatoxin G, thereby 
reducing the ef fect of Tolnaftate when the l a t t e r was present 
at 50-100 u moles concentrations (specif ic a c t i v i t i e s in 
Tables 9 and 10 should be compared, for b e t t e r v i s u a l i z a t i o n ) , 
The st imulatory ef fect of zinc on 1™ ^C-acetate incorporation 
in to af la toxin has been reported."Zinc a t levels of 1 and 10 mM 
14 concentration stimulated 1- C-acetate incorporation by about 
50 per cent . The increase in spec i f ic a c t i v i t y of the two 
af la toxins (B and G)*was observed to be approximately the 
same (Gupta et a l . , 1975"). In the present case, however, 
there i s a s l igh t increase in the l eve l s of specif ic a c t i v i t y , 
when the study was carr ied out with Tolnaftate along with zinc, 
On the bas is of these r e s u l t s , i t can be s ta ted tha t the 
conversion of af latoxin B to G i s zinc dependent. This i s 
fur ther supported by the observation of Reddy (1972) of 
a zinc stimulated production of a f la toxin G8 The r a t i o of 
af latoxin B and G was reported to increase from 2 in the 
absence of zinc to 3 in the presence of z inc . Most probably 
Tolnaftate regula tes af la toxin G biosynthesis^ 
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(b) Effect of adenine nucleotides on the metabolism of 
•Aspergillus p a r a s i t i c u s KFRL-324O 
— ~ — _ _ _ _ _ j 
Several r epor t s have emphasized the r e l a t i onsh ip between 
adenine nucleot ides , p a r t i c u l a r l y ATS? and various physiological 
processes in micro-organisms such as c e l l growth, c e l l division, 
break-down and synthesis of storage polysaccharides., g lycolys is , 
active t ranspor t across membranes, nucleic acid turnover and 
onset of aggregation (Eighela-fco, 1975). The regulatory role 
played by adenylic acid system on metabolism of micro-
organisms has been reviewed by Demain et_ £ l . (1973) * Kighe 1sto 
(1975) end Curdova et_ a l . (1976). Adenylic acid system 
plays a s ign i f ican t ro le in regula t ion of secondary fungal 
metabolism. The energy charge regula t ion of biosynthetic 
pathway involves act ivat ion and inh ib i t ion of enzymes of 
primary metabolism by r e l a t i v e leve ls of the adenylates (iiTP, 
4DP and IMP) in the c e l l Ukt inson, 1969, 1971). 
The effect of 10, 50 and 10 vW concentrations of iTP, 
"1 / 
-''DP and -35 P on 1-C -ace ta te incorporation in to aflat oxin was 
studied in the present inves t iga t ion by carrying out 
resuspension experiments with 4- days old mycelium. 
-4s presented in Tabic 11, there i s an inverse Relationship 
between M'S? concentration and 1-C r -ace ta te incorporation into 
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aflatoxins
 s 1-G -Acetate incorporation into aflatoxins was 
inhibited by the nucleotide, the extent of inhibition gradually 
in ere as in gLt he increasing concentrations of ATP. Highest 
inhibition was noted at 100 uM concentration and inhibition 
was found to be approximately the same in both aflatoxins B and G, 
Forrest (1965, 1969) and Righelato (1975) have reported that 
a cr i t ica l concentration of ATP was necessary for exponential 
phase of growth and at low ATP levels, only stationary phase 
occurred. Thus, aflatoxin might be forming in the stationary 
phase at the cost of less amount of ATP. 
According to Janglova e_t al* (1969) high levels of ATP 
during the stationary phase were inhibitory for chlortetra-
cycline biosynthesis, a secondary metabolite of Streptomyces 
aureofaciens. They postulated that high concentrations of ATP 
inhibited phosphoenol pyruvate carboxylase and citrate synthase, 
thereby regulating TOA cycle and as a consequence resulting in 
low production of chlortetracyclinee 
The ATP levels of A. parasiticus grown on SLS medium when 
determined quantitatively, were high during exponential phase of 
growth and declined during stationary phase (Gupta ejt al . , 1976; 
Rao et a l . , 1980)e I t is known that aflatoxins are synthesized 
in the stationary phase. Therefore, i t can be deduced that 
aflatoxins are synthesized at a maximum rate in the stationary 
phase at the cost of less amount of ATP in A. parasiticus:. 
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'When e x t r a c e l l u l a r ATP i s provided to the fungus in the 
s t a t iona ry phase, the supplied ATP may he somehow regulat ing 
the a c t i v i t y of some of the enzymes of TOA cycle . Is a r e s u l t , 
the precursors of a f la toxins may he di rected t o pathways other 
1 A 
than af latoxin biosynthesis leading to inh ib i t ion of 1-C -
ace ta te incorporat ion in to a f la tox in . 
ADP and AMP at increasing concentrations st imulated 
14 / \ 
1-C -ace ta te incorporation in to af la toxins (Table 11), the 
maximum st imulat ion being observed at 100 uM concentration^ 
14 Stimulation of 1-C -ace ta te incorporation in to af latoxins was 
more in af latoxin B than in af latoxin G at 100 uM concentrations 
of ADP. AMP a t 10 uM concentration was found to show more 
14 s t imulat ion of 1-C -ace ta te incorporation in to af la toxin than 
ADP at the same concentrat ion, as represented by the change in 
specif ic a c t i v i t i e s . 
According to Atkinson (1969, 1971), the level of AMP i s a 
sens i t ive cont ro l s ignal of the s t a t e of ATP supply. AMP and 
ADP levels are high in the s ta t ionary phase , when A, paras i t icus 
i s grown on SLS medium (Gupta et, a l» , 19761; Rao gi a l „ , 1930). 
Ttfhen AMP leve ls are low, most of the acetyl co-ensyme A i s 
diverted to the synthesis of l i p id s (Atkinson, 1969, 1971). So 
when increasing concentrations of AMP are added to the fungus 
in the s t a t iona ry phase, ace ty l CoA i s diverted away from l ipid 
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syn thes i s , leading to synthesis of aflatoxin in larger 
q u a n t i t i e s . This r e s u l t s in increased s t imulat ion of 
14-1-C -ace ta te incorporation in to a f l a tox ins . 
However, Martin and Demain (1977) found tha t a l l the 
nuc leo t ides , ATP, ADP, IMP as well as cyc l ic AMP were inhibi tory 
for candicidin fermentation. Neither the ribonucleosides nor 
the free base, adenine produced s ign i f i can t inh ib i t ion suggesting 
tha t for the inh ib i to ry effect the phosphate group i s e s sen t i a l . 
But t h i s may not be the case with af latoxin production })j 
Aspergil lus pa ras i t i cus as evident from the present da ta 
(Table 11). 
Cyelic AMP and af la toxin production 
Bu'Lock (1975) pointed out to a spec i f ic r o l e of cycl ic AMP, 
during fungal growth and d i f f e r e n t i a t i o n . In order to see how 
exogenous cyclic AMP affects the polyacetate pathway of 
14 biosynthesis of a f l a t ox in s , i t s effect on 1-C -ace ta te 
incorporat ion in to af la toxin was s tudied. As presented in 
Table 12, exogenous cycl ic AMP, at a l l the concentrations t r i ed 
14-(10, 50 and 100 uM), s t imulated 1-C -ace ta te incorporation 
in to a f l a tox ins . Stimulation was s ign i f i can t a t 10 and 100 uM 
concentrations but was maximum at 50 uM concentrat ion, 
According to Smith (1968) IT , 0 2 ' - d ibu ty ry l cyclic AMP a 
simple der iva t ive of cAMP, may enter t i s sues more readi ly than 
does the parent compound and i s cleaved more slowly by the 
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cycl ic phosphodiesterase. As a r e s u l t , prolonged action or 
'slow feed" of the parent metabolite (cyclic AMP) in to the 
concerned t i s sue may occur. 
Hence the effect of N ,0 -d ibutyryl cycl ic AMP on 1-C -
ace ta te incorporation in to af la toxins was studied a t 10, 50 and 
100 uM concentrations of the nucleotide* I t was observed that 
with 1T,0 -d ibutyry l cycl ic AMP a l s o , the s t imulat ion of 
14-1-C -ace ta te incorporation in to aflatoxin was s ign i f i can t a t 
10 and 100 uM concentrations but l e ss than tha t produced by 
cyc l ic AMP (Table 12). At 50 uM concentration the st imulation 
produced by d ibutyry l cycl ic AMP was maximum. The extent of 
s t imula t ion of incorporation was almost same at 50 uM 
concentration by both cyclic AMP as well as by d ibutyryl 
cycl ic AMP. However, both the compounds produced b e t t e r 
effects on af la toxin B than on af la toxin G. Thus cycl ic AMP 
appears to s t imulate the polyaeetate pathway of aflatoxin 
b iosynthes i s . 
Mosinger and Vaughan (1967) found cycl ic AMP to be l i p o l y t i c . 
Pauli e_t_ a l . (1974) a lso reported tha t in E. col i the synthesis 
of the enzymes of f a t ty acid degradation was under control of 
cycl ic AMP and cyclic AMP receptor p ro te in . Thus cycl ic AMP was 
found to be st imulatory for l ip id degradation. Hence, in 
A. pa ra s i t i cus too , i t i s quite possible tha t in the s ta t ionary 
phase, cyc l ic AMP may be s t imulat ing f a t ty acid degradation, as 
a consequence of which acetyl-CoA, the common precursor of both 
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af la toxin and f a t s i s diverted towards af latoxin format ion. 
However, cycl ic MI was found t o i nh ib i t candicidin 
formation as well ss the incorporation of i t s precursors into 
the an t ib io t i c at 3 mM concentration (Martin and Demairs, 1977). 
In Streptomyces hygroscopious too , the an t ib io t i c product ipn 
was found to be inhib i ted s t 3 ml concentration (Gersch et_ si , . , 
1978). 
J-s evident from Table 13, addition of cycl ic 4SP resul ted 
14 in l e s s incorporation of 1-C -ace ta te in to af la toxins on 
shaking i . e . , under aerated condi t ions . The effect wes nearly 
negl ig ib le at 10 uM concentra t ion. 
However, N ,0 -dibirfcyryl cycl ic -IMPwas more effect ive in 
s t imulat ing incorporation of l abe l as compared to cycl ic -AFP 
at a l l the concentrations t r i e d under aerated condi t ions . The 
maximum effect was found at 100 uM concentration under these 
conditions ard the st imulatory effect was equally s ignif icant 
in aflatoxin B as well as aflatoxin G at t h i s concentrat ion. 
l ieve (1968) had. reported that many cold form bacter ia 
could be made permeable to small molecules by br ief exposure 
to 3DTi in a t r is-(hydroxjmethyl) aminomethane (Tris) buffer. 
Cells were t rea ted with 0.2 to 0.6 vM solut ion of 'EUEA for 
2 minutes and t h i s made the c e l l wall permeable. 
Hence, the effect of cycl ic Ml? on 1-C -ace ta te 
incorporation into af la toxin w?s studied by incubating the 
mycelium with 0.1 M E DOM for one hour prior to resuspension. 
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The results are presented in Table 14. It was found that, 
i A 
under r e s t i n g condi t ions , cyc l i c AMP stimulated 1-C -aceta te 
incorporation in to a f la tox in , the effect being s t a t i s t i c a l l y 
not s ign i f i can t a t 10 uM. However, the extent of st imulation 
was less a t 50 and 100 uM concentrations as compared to that 
produced with normal fungus (not t reated with EDTA) (compare 
Tables 14 and 12). Under aerated conditions i . e e with shake 14 
c u l t u r e s , i t was found tha t cycl ic AMP inhibi ted 1-C -aceta te 
incorporation in to a f l a tox in , the inh ib i t ion being maximum at 
10 uM concentration while the inh ib i t ion produced was more or 
less the same a t 50 and 100 uM concentrat ions. 
Of 
EDTA has been reported to be a pos i t ive regu la tor^fa t ty 
acid biosynthesis (Reeves e t a l . , 1967). Hence EDTA may be 
d iver t ing aeetyl-CoA towards fa t ty acid synthes is , thus leading 
to an inh ib i t ion of aceta te incorporation in to af la toxin . 
ID. Methylation in a f l a tox in , including various parameters 
af fec t ing methylation 
Nearly a l l b io log ica l methylation processes in higher 
animals (and probably most of those in plants and bac te r ia ) 
involve methionine as the key in termedia te . Plants and bacter ia 
synthesise methionine from homocystiene and s e r i n e , the major 
source of methyl group (Lehninger, 1970), 
According to Detroy and Hesseltine (1970) and Detroy fmd 
Ereer (1974), methylation of carbon and methionine formation-
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are e s s e n t i a l for af latoxin biosynthesis and the polyketide 
chain i s methylated before aromatizat ion. 
In order to study the methylation s tep of aflatoxin 
synthesis im d e t a i l , the conditions for maximum methyl-C -
methionine incorporation in to af latoxin were investigated© 
I t was found tha t maximum methylation occurred at a pH of 
6.5 using phosphate buffer and a period of one hour for 
resuspension. However, a t pH 6»0 and on two hours of 
resuspension a l so f the incorporation of l abe l was found to 
be s ign i f i can t (Tables 15 and 16). 
As evident from tables 17 and 18, wh©n comparative 
14 14 
incorporation of methyl-G -methionine and 1-C -aceta te in to 
af la toxins was s tudied , i t was found tha t maximum methylation, 
14 ocurred a t one hour of resuspension, while maximum. 1-C -acetate 
incorporation in to af latoxin occurred a f t e r two hours of 
resuspension. 
The r e s u l t s of the present study are in agreement with the 
r e s u l t s obtained by Betroy and Freer (1974) who postulated that 
a pre-aromatic methylation of af la toxin polyketide precursor may 
be a requirement for the cycl i sa t ion of the polyketide chain 
and af la toxin r ing formation*, Rao e_t a l . ( l 979 ) a l so found 
14 
tha t methyl-C -methionine uptake was maximum a t 60 hours i e^ , 
in t r a n s i t i o n a l phase in SIS medium while af latoxin synthesis 
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was maximum in the s ta t ionary phase, indicat ing tha t methylation 
occurred p r i o r - t o aromatizat ion. However, Harris ejt al«(l976) 
showed tha t the methylation s tep was l a t e in the biosynthet ic 
scheme for gr i seofu lv in , a f te r the formation of aromatic rings* 
But evidence a l so ex i s t s showing tha t C-aiethylation of polyketides 
occurs a t a pre-aromatic stage (Turner, 1971)« 
Looking i n t o the regula t ion of methylation "by trace metals, 
i t was found tha t at 10 umoles, most of the elements t r i e d in 
i A 
th i s study stimulated methyl-C -methionine incorporation into 
af la toxins except barium, ace t a t e . However, the inh ib i t ion shown 
by barium acetate was not s t a t i s t i c a l l y s ign i f i can t (Table 19). 
Maximum st imulat ion of methylation was observed by zinc sulphate 
followed by cadmium chlor ide , magnesium sulphate and cesium 
chlor ide 8 The effect of cesium chloride was in fac t not 
s ign i f i can t , 
As represented in Tables 20, 21 and 22 when trace metals 
14 were t r i e d a t 100 u moles, s t imulat ion of methyl-C -methionine 
incorporation in to af la toxin was maximum by ferrous sulphate 
followed by bismuth n i t r a t e , mercuric ch lor ide , molybdic ac id , 
nickle ch lor ide , ammonium molybdate, selenium dioxide and 
uranyl su lpha te . Of the t race metals which inhibi ted methylation 
a t t h i s concentrat ion, the maximum inhib i t ion was brought out 
by l i thium ch lor ide , followed by barium ace ta t e , a reenic chlor ide, 
calcium chlor ide , vanadyl su lphate , lead acetate and strontium 
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ch lor ide . At 100 umoles concentrat ion, the e f fec t of copper 
su lpha te , magnesium sulphate and cobal t -chlor ide was not 
s ign i f i can t on methyl at ion of aflatoxin B while i t was s l i gh t l y 
st imulatory for aflatoxin G9 (Tables 20 and 21). At 10 umoles, 
s t imulat ion of methylation produced "by most of the trace metals 
t r i e d , was more in af la toxin B than in aflatoxin G. However, 
the st imulatory effect was more in aflatoxin G than in aflatoxin B 
by ferrous sulphate as well as by magnesium sulphate (Table 19). 
At 100 umoles, s t imulat ion of methylation by most of the 
st imulatory t race metals was more in af la toxin B than in 
af la toxin G- except by manganese chlor ide, al&nionium molybdate, 
copper sulphate , stannous ch lor ide , and mercuric chloride 
(Tables 20 and 22). The inhib i tory effect of the t race metals 
on methylation too was more in aflatoxin B than in aflatoxin G 
a t a level of 100 umoles (Table 21), 
Zinc sulphate i s involved in the expression of a c t i v i t y of 
severa l enzymes. Zinc enzymes are thus known to pa r t i c ipa te in 
a wide va r ie ty of metabolic processes l i k e carbohydrate, l ip id 
prote in and nucle ic acid synthesis or degradation ("Valee, 1977)• 
Hence, zinc sulphate may be regula t ing any of the enzymes re la ted 
with methionine synthesis as a r e s u l t leading to a v a i l a b i l i t y of 
more precursors for methylation. I t may be regula t ing S-adenosyl 
methionine synthetase d i r e c t l y r e su l t i ng in higher methylation 
105 
r a t e , Axelrod and fomchick (1958) have studied the requirement 
of d iva lent cat ions by O-methyl t r ans fe rase , an enzyme 
methylating catecholamine. In the absence of adenosyl 
methionine or magnesium ions negl ig ib le O-methylation occurred. 
Since O-methylation required the presence of magnesium the 
effect of other metals was examined,, A number of d ivalent 
ca t ions such as coba l t , manganese, z inc , cadmium, iron and 
n i c k e i could be subs t i tu ted for magnesium ions. 
i e e
 £ i a!-(1966) observed enhancement of aflatoxin formation 
on addi t ion of cadmium. However, Marsh ejb a l . (1975) found 
cadmium as well as copper and iron to depress af latoxin production. 
Maggon e_t a l . (1973) found copper to produce more af la toxin . lee 
e t a l . (1966) and Reddy (1972) found af la toxin production to be 
unaffected by calcium chloride while Sivaswami (1978) found 
calcium to inh ib i t de_ novo formation of af la toxin from label led 
aceta te in i n t a c t spheroplasts and l y s a t e s . 
Sivawami (1978) found magnesium sulphate to st imulate 
aceta te incorporation in to spheroplasts as well as ly?sT&tes 
upto 085 mM concentration^, Magnesium sulphate , FAD and t e t r a -
hydrofolic acid are involved in converting homocysteine to 
methionine. Hence magnesium sulphate a t 10 umoles may be aiding 
in more methionine formation and in turn leading to high 
methylation (Sable 19)« However, a t higher concentrat ions, i t s 
effect was neg l ig ib le (Table 20). 
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Maggon e_t a l . (1973) found "barium ace ta te to i nh ib i t 
af la toxin formation while calcium chloride stimulated aflatoxin 
formation. They a l so found cobalt chloride and vanadyl sulphate 
to i n h i b i t af la toxin formation, the inh ib i t ion produced by 
vanadyl sulphate being raoree Cobalt i s known to be present 
in the vitamin B-.p molecule. There i s a complexity in the 
nature of the methylation react ion in micro-organisms. Some 
organisms have the p o t e n t i a l for a vitamin B.J2-indePeri(len'fc route 
while others follow vitamin ILp-dependent rou te . Organisms that 
make vitamin B. ? appear to use the B1?-dependent route exclusively 
(Salem and Foster , 1972). 
However, methylation was found to be unaffected by cobalt 
(Table 21) , indica t ing tha t Aspergil lus pa ra s i t i cus may be 
using the vitamin B,p independent route of methylation, Prasad 
(1976) repor t s tha t t o x i c i t y of lead may be due to i t s adverse 
ef fec t on sine metalloensymes. Bhatnagar et a l . (1979) found 
li thium to be st imulatory for af latoxin b iosynthes is . The metel 
had a pronounced stimulatory effect on the production of 
af la toxins B^  and B„ but the increase in af la toxin G l e v e l was 
very s l igh t* 
However, in the present s tudy, i t was found tha t lithium 
inh ib i ted methylation of af la toxin B (Table 21). l i thium i s 
well known as an ac t iva tor of glycolysis and found to stimulate 
carbohydrate metabolism at severa l po in t s . I t increases ac t iv i ty 
IG7 
of hexokinases, adenylcyclase and pyruvate k inase , Nothing 
can be said about the mechanism involved in inh ib i t ion of 
methylation of af la toxin B by l i th ium. 
As presented in Tables 23 and 24, amino acids a t 100 umoles 
concentration were used to see the i r effect on methylation. I t 
was found tha t most of the amino acids were st imulatory except 
phenylalanine, a spa r t i c ac id , threonine and glutamic acid . 
These amino acids s l i g h t l y inhibi ted methyl-C -methionine 
incorporation in to af la toxins while the effect of the amino acid, 
tryptophan at t h i s concentrat ion, on methylation was not 
s i g n i f i c a n t . Of the amino acids s t imula t ing methylation the 
maximum st imulat ion was brought out by cys te ine , followed by 
arginine hydrochloride, h i s t i d i n e , g lyc ine , va l i ne , methionine 
and asparagine e 
Stimulation of methyl-C -methionine incorporation in to 
af la toxins produced by cysteine and glycine was more in aflatoxin 
B than in af la toxin G„ In the case of h i s t i d i n e , arginine 
hydrochloride and va l i ne , the effect was more in aflatoxin G 
than in af latoxin B6 
The s t imulatory effect of asparagine was almost the same 
in both af la toxin B and in af latoxin Ge Serine a t th is 
pa r t i cu l a r concentration was found to s t imulate methylation 
in to af la toxin B while i t showed inhibi tory ef fec t into 
af latoxin G-* One complexity of methionine synthesis i s i t s 
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dependence upon three other amino acid pathways for precursors 
(Brenchley and Williams, 1975). (a) The aspar ta te pathway for 
the carbon skeleton (b) The cysteine pathway for the sulphur 
group and (c) Serine as the primary source of the methyl group 
via the transhydroxymethylase reac t ion , 
As presented in Figure 11 , cysteine i s an intermediate 
involved in methionine synthesis* Hence the high methylation 
r a t e observed hy addition of e x t r a c e l l u l a r cysteine depicts i t s 
involvement in methylation in A, pa ras i t i cus too . 
Rao (1979) found alanine and aspar t ic acid to enhance 
14 incorporat ion of methyl C -methionine in to both aflatoxin B 
and G a t 10 mM concentration when added a t 24 hrs of growth to 
growing cul tures a scep t i ca l l y . However, these amino acids when 
i A 
added a t 48 hrs to growing cul tures inhibi ted methyl-C -methionine 
incorporation in to both a f l a t oxin B as well as af la toxin G9 
Rao (1979) carr ied out these experiments using asparagine 
def ic ien t SIS medium instead of normal SIS medium,* This may 
be the reason for the difference in da ta , 
As presented in Tables 25 and 26, out of the TCA cycle 
intermediates t r i ed a t 10 mM concentra t ion, only fumarate and 
14 
malic acid stimulated methyl-C -methionine incorporation in to 
a f l a t ox ins while oxaloacetic acid had a s l i g h t inhib i tory 
e f fec t . The effect of other interne d i a t e s was non-signif icant 
a t t h i s concen t r a t ion The st imulatory effect produced by 
16H 
fumarate was more as compared to malic acid. Stimulation of 
methyl-C -methionine incorporation in to af latoxins produced 
by both the metabolites was more in a n a t o x i n G than in 
af la toxin B (Table 25). 
At 50 mM concentra t ions , out of the -i-e-^-cycle intermediates 
t r i e d , methyl-C -methionine incorporation in to af la toxins was 
st imulated by a lpha-ketoglutara te and fumarate. Stimulation 
produced was more by alpha-ketoglutaratei ; as compared to 
fumarate and the s t imulatory effect was again more in aflatoxin G 
than in af la toxin B a t t h i s concentration (Table 26)* 
Rao (1979) found t h a t when r e s t i n g c e l l systems of the 
fungus grown in SLS medium was used, incorporation of methyl-
"1 A 
0 -methionine in to aflatoxim G increased s ign i f i can t ly in 
presence of a lan ine , aspar t ic acid and oxalsacetate a t 10 mM 
concentrat ion. But, in the above case, the resuspension experiments 
were carr ied oat with 48 hours old cul tures using r e s t i n g ce l l 
systems Wljilethe present experiments were carr ied out with 96 hrs 
old cul tures under aerated condi t ions . And as presented in 
Table 25, oxaloacetic acid had s l i g h t inhib i tory ef fect on 
methylation a t 10 mM concentration while a t 50 mM concentration 
(Table 26) the ef fect was not s i g n i f i c a n t . Oi t r ic acid and 
14 
malic acid both inhibi ted methyl-C -methionine incorporation 
in to af la toxins a t 50 m$[.concentration. The inhibi tory effect 
produced by c i t r i c acid was more in aflatoxinB than in aflatoxin G 
170 
a t 50 mM concentration while malic acid had more inhibi tory 
effect on af la toxin G than in af latoxin B a t t h i s concentration. 
Out of the hexoses t r i e d , only glucose and mannose had 
st imulatory effect on methylation (Table 27). Glucose showed 
14 st imulat ion of methyl-C -methionine incorporation into aflatoxins 
a t 10 mM concentration while a t 1 and 5 mM concentration i t had 
an inh ib i tory e f f ec t . Both the inhibi tory and stimulatory 
effects observed were found to be more in af latoxin B than in 
aflatoxin G. Mannose a t 1 mM concentration was found to 
14-st imulate methyl-C -methionine incorporation into aflatoxin B 
as well as in af la toxin G# though the stimulatory effect was more 
in af latoxin G than in a f la tox in . B. Fructose was found to be 
inh ib i to ry for methylation in a f l a tox in , both in af latoxin B 
as well as in aflatoxin G (Table 27). 
Sorbose and galactose were a l so found to i nh ib i t methyla-
t ion s tep in aflatoxin synthesis a t a l l the concentrations t r i e d , 
the inhib i tory effect being more in af latoxin B than in 
af latoxin G. However, mannose at 5 and 10 mM concentration 
inhibi ted methylation in to af latoxin B while i t stimulated 
s l i g h t l y the process of af latoxin G. 
As presented in Table 23 when pentoses l ike ribose and 
arabinose were used to see t h e i r effect on methylation, i t was 
found that the effect of arabinose was not s ign i f i can t while 
tha t of r ibose was s l i g h t l y s t imulatory. Ribose a t 1 and 5 mM 
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concentration st imulated methyl-C -methionine incorporation 
i n to a f l a t ox in G- more than in a f la t oxin B while at 10 mM 
concentration methylation was more in af la toxin B and less in 
a f l a t oxin G. 
The effect of disaccharides on methylation has been 
presented in Table 29 and i t was found that only sucrose had a 
s ign i f i can t effect on methylation, the effect of maltose and 
lactose being not s ign i f i can t comparatively. Sucrose stimulated 
methylation a t 1 and 5 mM concentration while at 0.5 mM i t s 
effect was also no t - s i gn i f i c an t . However, a t 1 mM c cncentration 
of sucrose methylation was prominent in aflatoxin B while i t 
was not s ign i f i can t in af latoxin &*, 
At 5 mM concentration of sucrose, s t imulat ion of methylation 
was prominent in both af latoxin B and G the stimulatory effect 
being more in af la toxin B than in af la toxin G (Table 29). This 
shows that sucrose favours methylation. 
On addit ion of g lycoly t ic intermediates (Tables 30 and 31) 
1 A 
in to resuspension buffer, methyl-C -methionine incorporation 
in to af la toxins was affected maximum by fructose-1 ,6-diphosphate 
a t 0.5 mM concentrat ion. Glucose-1-phosphate was found to show 
s l i g h t s t imulatory effect a t 0.1 mM concentration while i t was 
inh ib i tory a t 0e 5 mM l e v e l . The effect of t h i s intermediate 
a t 1*0 mM concentration was n on-s igni f icant . Glucose-6-
phosphate a l so showed s l i g h t s t imulatory ef fect a t 0,1 mM and 
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1,0 mM levels while i t was inhib i tory to methylation in 
af la toxin a t 0.5 mM concentration (Table 30), 
As presented in Table 30, fructose-6-phosphate was 
st imulatory to methylation at a l l the t r i ed concentrations ( 0 , 1 , 
0«5 and 1e0 mM), the st imulatory effect "being maximum at 1.0 mM 
concentrat ion. Iructose-1,6-diphosphate also st imulated 
methylat ion, the st imulatory ef fect produced "being quite 
prominent by th i s intermediate at a l l the concentrations t r i ed . 
However, maximum st imulat ion of methylation was observed a t 0.5 mM 
concentrat ion, the st imulation produced being equally good in both 
af la toxin 3 and af la toxin G (Table 30 )a Grlyceraldehyde-3-
phosphate st imulated methylation at 0e5 mM concentration into 
af la toxin B as well as af la toxin G. At 0,1 mM and 1.0 mM 
concentrat ion, t h i s intermediate inhibi ted methylation into 
af la toxin B while i t s effect was n on-s ignif icant on aflatoxin G 
(Table 31). Phosphoenol pyruvate a l so stimulated methylation 
at 0.5 and 1.0 mM concentration the s t imulat ion being more 
prominent a t 0.5 mM concentrat ion. Yet a t both concentrations 
s t imulat ion of methylation was found to be more in af latoxin G 
than in a f la toxin B. 
Pyruvate was a lso found to be st imulatory for methylation 
in af la toxins and maximum st imulat ion was observed a t 0.1 mM 
concentra t ion, the st imulation of methylation being more in 
af la toxin B than in af latoxin G (Table 31). Eao (1979) also 
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found pyruvate to s t imulate methyl-C -methionine incorporation 
in to a f la tox ins at 10 mM concentration when added to growing 
cul tures a t 24 hrs ind ica t ing i t s probable ro le in methylation. 
Thus i t appears from the r e s u l t s tha t fructose-6-phosphate, 
fruetose-1 ^6-diphosphate , phosphoenol pyruvate and pyruvate may 
have a probable ro l e in methylation. However, i t i s d i f f i c u l t 
to v i sua l i se the exact ro le played by these intermediates in 
me thy la t ion . 
The effect of flavin adenine dinucleotide (PAD) and 
14 
methionine sulfoxide on methyl-C -methionine incorporation in to 
af la toxins was also studied (Table 32)a Methionine sulfoxide 
was added a t 1, 5 and 10 mM concentrations respec t ive ly and i t 
was found to be st imulatory to methylation in aflatoxin a t a l l 
the t r i ed concentrat ions ( 1 , 5 and 10 mM). Stimulation of 
methylation s tep was found to be noS s ign i f i can t a t 1 and 5 mM 
concentrat ions but quite prominent a t 10 mM concentration in 
af la toxin B. The effect of PAD on methylation was detected 
a t 0 . 1 , 1,0, 5e0 and 10,0 mM concentrations respec t ive ly . PAD 
14. 
was found to s t imulate methyl-C -methionine incorporation into 
a f l a t ox ins a t a l l the t r i e d concentrations and st imulat ion of 
methylation was more in af la toxin G than in aflatoxin B a t a l l 
the concentrations t r i e d . However, maximum methylation was 
observed a t 10.0 mM concentration (Table 32-). Thus methionine 
sulfoxide and PAD are probably involved in the regulat ion of 
methylation in af l a t o x i n s . Be troy and Preer (1974) found tha t 
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the amount of af la toxin produced was less in a medium where 
methionine sulfoxide was subs t i tu ted for Dl-methionine. 
Reduced PAD i s the coenzyme known to he d i r ec t ly involved in 
the conversion of homocysteine to methionine in association with 
5,10-methylene-tetrahydrofolate (Cantarow and Schepartz, 1967). 
Guest ejfc a l . (1964) a lso found tha t the cobalmine dependent 
route of methyl t ransfer required the presence of vitamin B..? 
containing enzyme (iLp-enzyme) b e t t e r known as cobamide. This 
2+ 
enzyme depended on MD, MDH,,, ATP and Mg for a c t i v i t y . 
S t a t i s t i c a l evaluation of data 
S t a t i s t i c a l evaluation of the present data was not 
performed as the mycelial cultures contained innumerable 
c e l l s . However, a l l the r e su l t s presented here are 
average of two or three separate experiments run in 
duplicate or t r i p l i c a t e as specified in Tables and 
[Figures. 
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SUMMARY AMD CONCIUSIONS 
/ b 
In the past decade a good amount of research work has 
"been car r ied out on the biosynthesis of aflatoxins in various 
countr ies of the worlds The r e s u l t s of such s tudies have been 
reviewed by Detroy e t a l . (1971), Roberts (1974), Berger and 
Jadot (1976), Maggon e t a l . (1977) and Heathcote and Hibbert 
(1978). 
Although the research work reported so far has been able 
to provide some ins igh t in to the biosynthesis of a f l a tox ins , 
i t has not succeeded in providing commercially and economically 
viable methods to prevent mold growth and control aflatoxin 
formation. I t i s f e l t that th i s inadequacy i s par t ly due to 
the fac t tha t the process of regulat ion of af latoxin synthesis 
has not been very c lear ly understood^ Therefore some of the 
aspects of the regulat ion of aflatoxin synthesis -were studied 
in d e t a i l in th i s thesis„ 
Cataboli te r egu l a t i on , inducer accumulation and phosphate 
control have been proposed as the probable mechanisms involved 
* 
in the on sat of secondary biosynthesis (Drew and Dema,n, 1977). 
I t has been well es tabl ished in severa l microbial systems tha t 
ca tabo l i t e repression is mediated by cycl ic iOYTP (Pastan, 1972; 
Ullman, 1974). The ro le of cyc l ic AMP (cAMP) in the mediation 
of ca tabo l i t e repression in fungal systems as well as in 
af latoxin synthesis ia not c lear a t p resent . Therefore^ levels 
of cyclic AMP were determined at various phases of growth in 
both the aflatoxin producing s t r a in as well as in the non-toxic 
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s t r a i n so as to explore the pos s ib i l i t y of phenomenon of 
ea tabo l i t e repression "being involved in control of aflatoxin 
synthesis • c ; - I - _ ' \i . The a c t i v i t y of the ensymes control l ing 
cycl ic IMP formation and degradation i„ee^ adenylate cyclase 
and cyclic MP phosphodiesterase was also determined at various 
periods of growth, Tolnaf ta te , an anti~fungal drug vjas a lso 
used to study i t s possible involvement in con t ro l l ing fungal 
growth as well as aflatoxin formation^ 
Energy charge regula t ion i s one of the mechanisms involved 
in regula t ing secondary metabolite synthesis (Demain, 1972), 
Control of aflatoxin synthesis by energy charge was invest igated 
using exogenous ATP, ADP and AMP9 The effect of exogenous 
cycl ic IMP addition on af latoxin synthesis was also s tudied. 
Methylation i s an important s tep in the biosynthesis of 
14 
a f l a tox ins , The fact t ha t methyl-C -methionine spec i f i ca l ly 
labels the C^methyl side chain of the aflatoxin molecule was 
es tabl ished in e a r l i e r incorporation s tudies (Adye and Mate Is , 
1964; Donkersloot ejt a l . , 1968). But the d e t a i l s of the 
methylation s tep are s t i l l not c l ea r . Hence a deta i led study 
of the methylation s t ep in af la toxin synthesis was car r ied out, 
The regula t ion of methylation s t ep by various metabolic 
parameters was also looked i n t o . All these s tudies were 
car r ied out using the s t r a i n s Aspergillus pa ras i t i cus HRRL 3240 
and Aspergillus flavus HRRL 3537 respec t ive ly . The observations 
of the present study have been summarised belo^i 
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1, The amounts of af latoxin produced by Aspergillus paras i t icus 
MRL 3240 under normal conditions using sucrose low s a l t s medium 
and under sine de f i c i en t conditions using sucrose low s a l t s 
medium were measured0 I t was found tha t the fungal growth as 
well as the amount of af latoxin formed \<uas l e s s in zinc-deficient 
medium as compared to the normal medium, 
2. The l eve l of cycl ic nucleot ide , cycl ic IMP was determined at 
various phases of growth in Aspergillus paras i t icus NRRL 3240 the 
toxin producing s t r a i n and in A© f l a w s MRL 3537, the s t r a i n 
which does not produce a f l a tox in , on normal SIS medium as well 
as on sine def ic ien t SLS medium. In A* pa ra s i t i cus 1RRL 3240 
on SLS and zinc def ic ient SLS medium, there was a marked 
difference in cyclic AMP content a t 45 hours and 60 hours. The 
amount of cyc l i c AMP at 60 hours was approximately double tha t 
a t 45 hours . However, at 75 hours of growth, there was a 
tremendous f a l l in cycl ic AMP level* The amount of the cyclic 
nucleotide was found to increase gradually thereaf te r a t 96, 
120 and 144 hours& 
According to Detroy and Hesselt ine (1970), in the growth 
curve of A. p a r a s i t i c u s , 45 hours represents l a t e exponential 
phasej, 60 hours s ign i f i e s transi t ional phase while s ta t ionary 
phase i s presented "by 75 and 96 hours and 120 and 144 hours 
represent the l a t e s t a t iona ry phase. I t i s concluded from these 
experimental r e s u l t s t h a t : 
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(a) the high levels of cyc l i c AMP in expo»i2ftiiklinl phase suggest 
the involvement of t h i s compound in some metabolic parameters 
of primary metabolism associated most probably with protein 
synthesis and c e l l division* 
(b) the fur ther increase in the level of the cyclic nucleotide 
in the t r a n s i t i o n a l phase indicates i t s possible action in the 
i n i t i a t i o n of af latoxin synthetase , the enzyme involved in 
af latoxin synthesis . 
(c) the sharp f a l l in cycl ic IMP value in ear ly s ta t ionary phase 
on both the media may he explained to be caused by i t s fas t 
u t i l i s a t i o n for af latoxin syn thes i s . 
(d) the possible involvement of the phenomenon of ca tabol i te 
repression in the regula t ion of af latoxin synthesis i s indicated 
by increase in cycl ic AMP le^e l during l a t e s ta t ionary phase when 
c e l l u l a r growth declined<» 
The experimental data reported here are not in agreement 
with t ha t of Applcbaum and Buchanan (1979) who reported a 
negative regula tory role of cycl ic AMP in af la toxin synthesis „ 
The .amounts of cycl ic AMP in the nontoxic s t r a i n , A. f l a w s 
NRB.L 3537 on SIS medium as well as on s ine-def ic ien t SIS medium 
did not show much var ia t ion a t 60, 75 and 96 hours indicat ing 
tha t i t s ro le i s not s ign i f i can t a t these p a r t i c u l a r hours . 
However, the possible ro l e of cyc l ic MP in primary metabolism 
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of A. flavus i s suggested "by high l e v e l s of cyclic AMP in 
exponential phase ice« a t 45 h r s . The amount of cycl ic AMP 
was found to decrease a t 120 hours thereaf te r increasing at 144 
hours, Thus, there was no regular pattern of levels of cyclic 
AMP in A. flavus a t various phases of growth. 
36 The a c t i v i t y of the enzyme adenylate cyclase was assayed in 
both Aspergillus pa ras i t i cus HERL 3240 as well as in A. flavus 
NKRL 3537 in various ce l lu la r f ract ions „ In A. paras i t ic us , two 
types of adenylate cyclase were detected, one local ised with ^ 
the mitochondrial f rac t ion (17,000 x g p e l l e t ) while the other 
was associated with the microsomal fract ion (200,000 x g p e l l e t ) . 
In A» f lavus , most of the enzyme a c t i v i t y was detected in 
associat ion with mitochondrial fract ion (17,000 x g p e l l e t ) . 
However, adenylate cyclase a c t i v i t y was detected in both the 
s t r a i n s a t d i f fe ren t s tages of growth of only the 17,000 x g 
p e l l e t associated enzyme. I t was found tha t the adenylate 
cyclase ac t iv i ty was not in agreement with the cyclic AMP levels 
reported„ This may be f i r s t l y because of action of the degrading 
enzyme i 0 e 0 cyclic AMP phosphodiesterase* Secondly the cyclic 
AMP value might have been contributed by both the 17,000 x g 
p e l l e t associated adenylate cyclase as well as the 200,000 x g 
p e l l e t associated enzyme. Thus the leve ls of cycl ic AMP detected 
in A. paras i t i cus may have been contributed by both the 
mitochondrial as well as microsomal associated enzymes. 
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4 . The a c t i v i t y of the enzyme 3 9 ,5*-cycl ic AMP phosphodiesterase 
was detected in the 48,000 x g supernatant in A. paras i t icus 
NERL 3240 and in Aspergillus f l a w s KERL 3537. The var ia t ion 
in the specif ic a c t i v i t y of the enayme cyclic AMP phospho-
d ies te rase in various phases of growth in A. pa ras i t i cus 
i l l u s t r a t e s the presence of act ive degradation mechanisms for 
cycl ic AMP in th i s organism* The specif ic a c t i v i t y of the 
enzyme was found to he more in sine def ic ien t SIS medium as 
compared to t h a t in the SIS medium in A, pa ras i t i cus as well 
a s
 A' f lavus . However, the ac tua l picture of the degradative 
mechanism for cyc l ic AMP can be obtained only a f te r the 
simultaneous detect ion of the levels of ex t r ace l l u l a r cycl ic 
AMP phosphodiesterase a t various phases of growths 
5. The ef fec t of Tolnaf ta te , an antifungal agent on fungal 
growth ani afla. toxin production was studied a t 10, 50 and 100 u 
moles concentrat ion. Tolnaftate a t the concentrations t r ied did 
not affect mycelial growth of Aspergillus pa ras i t i cus 2TRR1 3240 
hut inhib i ted af la toxin formation to a great extent* I t was 
found tha t the level of af la toxin was reduced by e ight fold 
a t 100 u moles concentration of th is drug. Tolnaftate was 
a lso observed t o i n h i b i t the incorporation of labelled acetate 
into af latoxin B as well as aflatoxin G s ign i f i c an t l y . These 
r e s u l t s indicate the effect of Tolnaftate on the polyacetate 
pathway of aflatoxin synthesis 0 
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The stimulatory effect of zinc on 1-C -aceta te 
incorporation into af la toxins lias been reported (Gupta et_ a l ,
 t 
1975$. Hence, the effect of Toihnaftate in combination with 
1 and 10 mM concentration of zinc sulphate was studied on 
14 1-C -ace ta te incorporation into a f la tox ins . The specific 
a c t i v i t y of af la toxin G recorded an increase thereby reducing 
the ef fect of Tolnaftate when the l a t t e r was present a t 50 and 
100 u moles concentrat ion. On the bas i s of these r e s u l t s , i t 
can be s ta ted that the conversion of af la toxin B to 6 i s zinc 
dependents 
6e The adenine nucleotides ATP, ADP and IMP a t 10, 50 and 
100 uM concentrat ions were used t o study the i r effect on acetate 
incorporation into af la toxins e I t was observed tha t ATP 
inhibi ted label led acetate incorporation in to af la toxins at 
a l l the concentrat ions t r i e d , s ignifying i t s negative 
regulatory ro le in af la toxin b iosynthes i s . The inhibi tory 
effect of ATP was recorded to be maximum at 100 uM. concentration. 
However, the inh ib i t ion produced was approximately the same in 
af latoxin B and G. On the contrary, the other two nucleotides 
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were found to s t imulate 1~C -ace ta te incorporation in to 
af la toxins a t a l l the three concentrations t r i e d . At 100 uM 
concentration ADP and AMP were found to favour aceta te 
incorporation in to a f l a tox ins . Thus , af la toxin might be 
forming in the s t a t ionary phase at the cost of less amount of 
ATP and large amount of AMP and ADP. 
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7e The effect of cycl ic AMP and i t s simple de r iva t ive , 
] r , 0 -d ibu tyry l cyclic IMP on aflatoxin formation have been 
14 
studied by following the i r effects on 1-C -ace ta te incorporation 
in to a f l a tox ins . I t was observed tha t exogenous cAMP and 
IT,0 -d ibutyry l cycl ic AMP both st imulated acetate incorporation 
in to aflatoxins at a l l the concentrations t r i ed (10, 50 and 
100 uM), The acetate incorporation was found to be s igni f icant ly 
increased at 10 and 100 uM concentrations by both the compounds, 
but the stimulatory effect was maximum a t 50 uM concentrat ion . 
However, the st imulatory effect of both compounds have 
been observed to be more in af la toxin B than in af latoxin G. 
This observation is a s t rong evidence tha t pos i t ive regulatory 
role i s played by cyclic IMP in aflatoxin syn thes i s . When the 
mycelium was suspended in 001 M EDTA to make i t more permeable, 
before carrying out incorporation s t u d i e s , i t was' found tha t 
cyclic AMP stimulated aceta te incorporation in to af3a toxins to 
a lower degree. However, under aerated condi t ions , i .e* when 
resuspension experiments were carr ied out by shaking for the 
required time, cyclic AMP inhibi ted aceta te incorporation into 
af latoxins* Maximum inhib i t ion was observed at 10 uM 
concentration of cyc l ic AMP. 
8S The methylation s tep of aflatoxin biosynthet ie pathway has 
been studied in d e t a i l by following the incorporation of 
14 
methyl-C -methionine into a f la tox in . The optimum conditions 
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for methylation have "been standardized, The maximum ra te of 
methylation has been recorded a t pH 6.5 and on carrying out 
resuspension experiment for one hour. Comparative incorporation 
of 1-C -ace ta te and me thy 1-C -methionine in to af la toxins 
was studied and i t was found t h a t methylation occurred maximum 
on carrying out resuspension experiment for one hour0 On the 
other hand, label led ace ta te incorporation in to aflatoxin was 
maximum on two hours resuspension. This indicates tha t 
methylation occurs p r io r to cycl iza t ion of the polyketide chain,, 
The effect of various metabolic parameters l i k e t race metals , 
amino ac id s , uCdcycle intermediates , sugars , g lycolyt ic 
intermediates and coenzymes l ike FAD and methionine sulphoxide 
on methylation has "been s tud ied . Zinc sulphate has been found 
to s t imulate methylation at maximum r a t e at 10 u moles 
concentration among the t race elements t r i ed in the study. At 
100 umoles however, ferrous sulphate has ,foeen observed to 
s t imulate methylation at maximum r a t e 0 Out of the amino acids 
t r i e d , maximum methylation of af la toxin has been obtained by 
I -cysie ine at 100 u moles. Pumarate has been found to favour 
methylation both a t 10 mM as well as at 50 mM, concentration 
among the t r i - ca rboxy l i c cycle intermediates t r i e d . I t has 
been observed tha t malic acid favoured methylation a t 10 mM 
concentration but had no s ign i f i can t effect a t 50 mM concentration, 
On the contrary, oxalacetate and a lpha-ketoglutara te accelerate 
methylation at 50 mM concentration but have no s ign i f i can t effect 
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a t 10 mM concentrat ion. 
A s ign i f i can t increase in the r a t e of methylation has 
keen observed "by use of glucose (hexoee), r ibose (pentose), and 
sucrose (disaccbaride) from sugar group of compounds, "When the 
role of g lycolyt ic intermediates on methylation was s tudied, 
i t has "been observed that although intermediates l ike pyruTate 
favoured methylation, fructose-1,6-diphosphate caused maximum 
methylation a t 0e5 mM concentrat ion. PAD has been observed to 
st imulate methylation at a l l the concentrations t r i e d , the 
maximum effec t being at 10„0 mM concentrat ion. Stimulation 
of methylation has a lso been observed by methionine sulphoxide, 
the maximum effect being recorded a t 10 mM concentrat ion. 
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Tolnaftate [2-napthyl-A 7 -methyl-N-(m-tolyl ) th ionocarbamate] , an antifungal 
drug, is widely used to control superficial fungal infections in h u m a n s and o the r 
animals In this s tudy the effect of tolnaftate on aflatoxin biosynthesis by 
Aspergillus parasiticus N R R L 3240 was invest igated Tolnaf ta te changed t h e 
morphology of A parasiticus to yeast l ike forms and inhibi ted aflatoxin format ion 
T h e formation of aflatoxin G was blocked considerably, indicating a metabol ic 
block in the conversion of aflatoxin B to aflatoxin G T h e incorporat ion of 
[ l - M C]ace ta te into aflatoxin was significantly inhibi ted a t a concent ra t ion of 1 
m M tolnaftate T h e presence of zinc in t h e resuspension buffer resul ted in reversal 
of the tolnaftate- induced inhibit ion of aflatoxin Gi biosynthesis 
Tolnaftate (24) is used in clinical pract ice for 
t r ea tment of superficial fungal infections of the 
skin, such as r ingworm, vesicular skin lesions, 
a thlete 's foot, and o ther common d e r m a t o p h y t e s 
of the skin, with absolutely no side effects or 
toxicity It is known to inhibit fungal growth in 
liquid cultures at very low concent ra t ions (7,19) 
Hence , it was thought wor thwhi le t o invest igate 
the effect of tolnaftate on growth and aflatoxin 
formation in Aspergillus parasiticus with a view 
to its possible successful use in t he control of 
aflatoxin product ion T h e present repor t de-
scribes the effect of tolnaftate on aflatoxin for 
mat ion in a chemically defined med ium and 
incorporation of labeled ace ta t e into aflatoxin in 
a resuspension system 
A systematic s tudy of metabol ic inhibi tors of 
aflatoxin biosynthesis has been carried out in 
our laboratory (10, 14, 15) T h e chemical control 
of aflatoxin formation is receiving considerable 
a t ten t ion recently because of t h e widespread 
occurrence of aflatoxms in foodstuffs (26) T h e 
' k n o w n aflatoxin inhibitors include t race meta l s 
like bar ium and vanadium, chelat ing agents like 
phyt ic acid, mercaptoethanol , and d imethyl sulf-
oxide, citrus oils, preservat ives like sorbic acid, 
and dialkyl enol phospha te s Some o the r well-
known metabolic inhibitors include e thionine , 
dichlorvos, and L-cysteic acid, these have been 
reviewed recently (21) 
MATERIALS AND METHODS 
A parasiticus NRRL 3240 was obtained from the 
Northern Regional Research Laboratory Peoria 111 
Sodium [l-'4C]acetate was obtained from Bhabha 
Atomic Research Center, Trombay, Bombay, India 
Silica gel was obtained from Centron Research LB bo 
ratones, Bombay, India Sucrose low salts medium 
(25), as modified by Gupta and Venkitasubramar lan 
(12), was used in this study and had the following 
composition sucrose, 85 g, asparagine, 10 g, 
(NH4),SO„, 3 5 g, KH2PO4, 10 g, MgS04 7H20, 2 g, 
CaCL 2H.O, 75 mg, ZnS04 7H20, 10 mg, MnCL 
4H.O, 5 mg, ammonium molybdate, 2 mg, Na>B407, 2 
mg and FeS04 7H.0 2 mg made up to 1,000 ml with 
double distilled water The pH of the medium was 
adjusted to 4 5 with HC1 
Cul ture methods . A parasiticus was grown first 
in glucose peptone agar slants and then in 50 ml of the 
same medium in flat bottles (5 5 by 3 inches [ca 14 by 
7 6 cm]) A spore suspension was prepared in sterile 
double distilled water from 5- to 6 day-old cultures of 
A parasiticus The inoculum added usually contained 
3 X 10' to 3 5 X 10' spores Various concentrations of 
tolnaftate were added to each flask The flasks were 
inoculated with spores of A parasiticus and incubated 
at 26 ± 1 °C for 8 days At the end of the incubation 
period the myceha were collected by decanting the 
media in a separate^flask Mvceha were washed with 
double distilled water tkjed bv blotter and weighed 
Aflatoxms in media and mydeia were determined sep 
arateh by extracting with chloroform Chloroform 
extracts (0 01 ml) were spotted and separated by thin-
layer chromatography on Silica Gel G of 0 3-mm thick 
ness, using the solvent system toluene isoamyl alco 
hol-methanol (90 32 3, vol/vol/vol) (25) Individual af 
latoxin bands were eluted by reflexing with methanol 
and estimated by spectrophotometry, using the ex 
tinction coefficients reported by Nabney and Nesbitt 
(23) B, and B2 fractions were estimated together as 
aflatoxin B, and G2 and G2 were estimated together as 
aflatoxin G 
Effect of tolnaftate on [l-1 4C]acetate incorpo-
ra t ion into aflatoxin and effect of zinc sulfate on 
the system. The resuspension experiments were car-
ried out on the 4 day old mycelium After growing A 
parasiticus cultures in sucrose-low salts medium for 4 
days, the myceha and media were separated The 
mycelium was washed and thoroughly dried by blotter 
One gram of intact mycelium was transferred to 100 
ml Erlenmeyer flasks containing 1 fiC\ of [l-MC]acetate 
with a specific activity of 4 68 mCi/mmol and the 
270 
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required amount of tolnaftate The volume was made 
up to 10 ml with 0 2 M phosphate buffer (pH 6 0) and 
incubated at 26 ± 1°C for 2 h In experiments with 
zinc sulfate the required amounts of tolnaftate and 
zinc sulfate were added and incubated for the same 
penod 
At the end of the incubation period aflatoxins were 
extracted with chloroform and estimated as given 
above The chloroform extract was separated as de 
scribed elsewhere Aflatoxin bands were scraped off 
and added to scintillation vials, and radioactivity was 
measured in a Beckman liquid scintillation counter 
model LS 233 
The scintillation fluid contained 4 g of 2,5 diphen 
yloxazole (PPO) and 200 mg of 1,4 bis[21 (5 phenyl 
oxazolyl)benzene (POPOP) in 1 liter of toluene 
The data presented represent the average of three 
separate experiments 
R E S U L T S A N D D I S C U S S I O N 
It was observed t h a t a t 100 /umol of tolnaftate 
t he morphology of A parasiticus was changed 
to yeast l ike forms I t has been shown (4) t h a t 
M n deficiency in t h e med ium results in yeast l ike 
forms Hence , it m a y be possible tha t tolnaftate 
chelates some of t he Mn 2 + ions of t he medium, 
which results in yeas thke forms of A parasiti 
cus 
I t is evident from Table I t h a t tolnaftate a t 
concentra t ions ranging from 10 to 100 /umol did 
not affect growth of A parasiticus, as indicated 
by a lmost cons tan t mycelial weight, bu t pro-
foundly inhibited aflatoxin formation A plot of 
aflatoxin yield versus tolnaftate concent ra t ion 
revealed a logari thmic inhibit ion be tween 10 and 
100 umol of drug (Fig 1) 
Tolnaf ta te a t very low concent ra t ions (1% so-
lution) h a s been repor ted to inhibit growth of 
Aspergillus niger It is probable t h a t for growth 
inhibition in A parasiticus h igher (>100 jumol) 
concent ra t ions are required It has been shown 
t h a t t he major a m o u n t of aflatoxin is produced 
by A parasiticus during the s ta t ionary phase 
(after 96 h) , t h a t is, when the cell growth declines 
(5, 6, 8) 
T h e inhibi tory effect of tolnaftate was further 
investigated by s tudying its effect on [ l - u C ] a c e -
t a t e incorporat ion into aflatoxins by rest ing my-
ceha of A parasiticus It is evident from Table 
3 t h a t incorporat ion of labeled ace ta t e into af-
latoxins B and G was inhibi ted considerably, the 
extent of inhibit ion of aflatoxin G being much 
more t h a n t h a t for aflatoxin B at a concentrat ion 
of 10 jumol However , t he inhibit ion of ace ta te 
up t ak e by tolnaf ta te as measured by counts per 
minu te of aflatoxin B is logari thmic between 0 
and 50 ftmol of drug (Fig 2, Tab le 3) 
I t has been shown in A parasiticus t h a t af-
latoxin G is derived from aflatoxin B (16, 22) 
T h e enzyme sys tem catalyzing the conversion is 
pos tu la ted to be similar to t he mixed-function 
oxidases Schroeder et al (27) and Hsieh (17) 
repor ted t h a t dichlorvos inhibi ts aflatoxin bio-
synthesis a t a s tep prior to the conversion of 
s t engmatocys t in to aflatoxin, namely, the con-
version of vers icolonn to s t engmatocys t in In 
previous publ icat ions (9, 11, 12, 30) we h a d pos-
tu la ted t h a t t h e inhibi tory act ion of cer ta in in-
hibi tors like 2-mercaptoe thanol , phyt ic acid, and 
d imethyl sulfoxide migh t be due to chelat ion of 
essential t race meta l s like zinc and copper To 
tes t this hypothes is , t he effect of zinc in conju-
gation wi th tolnaf ta te on t he incorporat ion of [1-
1 4C]acetate into aflatoxins was s tudied St imu-
25 50 75 100 
CONCENTRATION OF TOLNAFTATE 
IN M molas 
FIG 1 Effect of tolnaftate on aflatoxin synthesis 
TABLF 1 Effect of tolnaftate on aflatoxin production by A parasiticus in a chemically defined sucrose lou 
salts medium 
Amt of 
tolnaftate 
added to 
SLS 
medium 
(fimol) 
Aflatoxin formed (mg) Inhibition (%) 
Mycelial 
dry wt 
(g) 
Medium Mycelium Total 
Total 
0 
10 
50 
100 
35 
34 
35 
36 
92 
57 
29 
12 
50 
35 
18 
0 95 
6 3 
42 
21 
0 98 
41 
28 
19 
0 59 
15 5 
99 
50 
20 
9 1 
6 3 
37 
154 
36 13 
67 75 
87 10 
30 80 
59 34 
83 10 
34 
65 
85 
Spores of A parasiticus were incubated at 26 ± 1°C for 8 days on SLS (sucrose low salts medium) 
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lation of aflatoxin formation in the presence of 
zinc is well documented (1,8, 20,28). The results 
presented in Table 4 show that the specific ac-
tivity of aflatoxin B remained unchanged in the 
presence of zinc. On the other hand, zinc in-
creased the specific activity of aflatoxin G, 
thereby reducing the inhibitory effect of tolnaf-
tate. The stimulatory effect of zinc on [1-14C]-
acetate incorporation into aflatoxins has been 
reported, and it has been shown that zinc at 
levels of 1 and 10 mM stimulated [l-14C]acetate 
incorporation by about 50%. The increase in 
specific activity of aflatoxins B and G was ob-
served to be the same (14). In the present study, 
a slight increase in the specific activity of afla-
toxin G was observed in the presence of tolnaf-
tate along with zinc. On the basis of the results 
it can be postulated that the conversion of afla-
TABLE 2. Effect of tolnaftate on aflatoxin formation 
in mycelia 
toxin B to aflatoxin G is probably zinc depend-
ent. This is further supported by the observation 
of Reddy (T. A. Reddy, Ph.D. thesis, University 
of Delhi, Delhi, India, 1972; T. A. Reddy, L. 
Viswanathan, and T. A. Venkitasubramanian, 
Biochem. J. 128: 61p, 1972) of a zinc-stimulated 
production of aflatoxin G. The ratio of aflatoxin 
G to aflatoxin B was reported to increase from 
2 in the absence of zinc to 3 in the presence of 
zinc. It is hoped that tolnaftate will serve as a 
Ami of tolnaftate 
added to SLS me-
dium" (umol) 
0 
10 
50 
100 
Aflatoxins formed (/ig)/mg of myce-
lium 
B 
1.8 
1.23 
0.60 
0 27 
G 
1.17 
0.82 
0.54 
0.16 
" SLS, Sucrose-low salts medium. 
CONCENTRATION OF T O L N A F T A T E 
IN u m 0 las 
FIG. 2. Effect of tolnaftate on [lliC] acetate incor-
poration into aflatoxins 
TABLE 3. Effect of tolnaftate on [1 '"CJacetate incorporation into aflatoxins by resting cells of A 
parasiticus" 
Amt of tolnaf-
tate added 
(umol) 
Nil 
10 
50 
100 
Radioactivity (cpm) inco 
toxin 
B 
6,094 
5,347 
3,611 
2,585 
G 
4,600 
1,344 
1,232 
1,150 
rporated into afla-
Total 
10,694 
6,691 
4,843 
3,735 
Sp act (cpm/mg of aflatoxin) 
B 
3,385 
2,970 
2,005 
1,435 
G 
3,932 
1,149 
1,053 
982 
Change (%) in sp act 
B G 
-12.2 -70 
- 4 0 -73.2 
-58 - 7 5 
" The age of the resting cells was 4 days 
TABLE 4 Effect of zinc on tolnaftate inhibited [1 "CJacetate incorporation into aflatoxins by resting cells 
of A. parasiticus" 
Addition to the resus-
pension buffer 
Tolnaf- ZnS04 
tate 7H,0 
(umol) (mM) 
NU Nil 
10 1 
50 1 
100 1 
10 10 
50 10 
100 10 
Radioactivity (cpm) incorporated into 
aflatoxins 
B G 
5,948 2,554 
5,074 1,388 
3,617 1,262 
2,330 1,183 
4,435 1,005 
3,585 1,279 
2,358 1,161 
Total 
8,502 
6,462 
4,880 
3,513 
5,440 
3,864 
3,519 
Sp act (cpm/mg of afla 
toxin 
B 
3,304 
2,819 
2,009 
1,294 
2,464 
1,992 
1,310 
G 
2,181 
1,186 
1,079 
1,011 
859 
1,093 
907 
Change C?) in sp act of af-
latoxin 
B 
-14 7 
-39 
-60 
-26 
-39 0 
- 6 0 
G 
-46 0 
-50 5 
-54 
- 6 0 
- 5 0 
-59 
" The age of the resting cells was 4 days 
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useful tool in the study of the regulatory mech-
anisms governing aflatoxin G biosynthesis. 
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